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PREFACE 


TO  THE  SPCOND  EDITIOK, 


Th  E  favorable  manjier  which  my. 
Jirst  attempt  has  been  received,  has  induced  me  to 
comply  with  the  request  of  my  Bookseller,  and  icK. 
give  to  the  Public  a  new  and  enlarged  Edition,  of 
the  Origin  and  Progress      Galvanism — when  I 
first  ventured  to  state  my  ideas  on  this  subject,  the 
Science   was   only    in    its  infancy, — na  systematic- 
Treatise  having  appeared  on  it ;  those  wha  wished 
to  derive  information  on  this,  interesting  subject  could 
only  obtain  it  in  detached  Essays,  published  in  perio' 
dical  PaperSi  particularly  in  Nicholson^s  excellent 
fournal;  these,  however,  fell  into  the  hands  of  but 
few  persons,  and  the  Public  in  general,  were  at  that 
time  scarcely  acquainted  with  the  name  of  Galvanism, 
This  will  plead  my  excuse,  for  attempting  so  early  to 
diffuse  a  more  general  knowledge  of  it.    Since  that 
period,  however,  others  wha  were  engaged  with  the 

same 


iv 


PREFACE, 


same  %eal,  have  published  very  full  and  distinct  in- 
formation on  it,  and  the  Science,  though  it  has  not 
7nade  the  same  progress  that  was  to  he  expected^  yet 
it  still  has  been  much  improved ;  and  considerable 
light  has  been  thrown  on  many  of  its  most  important 
phenomena. 

Further  observation  and  experience  has  also  ena- 
bled me  to  make  some  improvetnents  in  the  construc- 
tion of  the  Galvanic  Apparatus ;  and  many  new 
facts  have  occurred  since  the  publication  of  the  last 
Edition  of  this  Treatise^  which  I  have  now  particu- 
larly noticed,  but  in  no  part  of  the  Science  has 
more  information  been  obtained,  than  in  that  which 
is  connected  with  its  application  to  Medicine ;  here  a 
new  field  has  been  opened  for  the  practical  Physi- 
cian, such  as  eminently  entitle  it  to  the  attention  cf 
the  Profession. 

I  have,  therefore,  now  collected  whatever  has  been 
lately  noticed  with  respect  to  it,  and  have  considera- 
bly enlarged  that  part  of  this  Treatise  with  the  re- 
sult of  my  own  experience,  as  well  as  that  of  others ; 
hopir/g,  thereby  to  add  in  some  degree,  an  encreased 
confidence  in  this  remedy,  for  the  renmml  or  allevia- 
iion  of  some  of  the  most  dangerous  Diseases  to  which 
the  human  frame  is  liable.  Should  any  advantage 
arise  to  7ny  Erethretj.  of  the  Profession,  from  the  ob- 
servations which  I  have  here  collected,  I  hope  it  ivill 
plead  some  excuse  for  thus  intruding  a  second  Edition 
on  the  Pid?lic, 

DEAR 


DEAR  SIR, 


W  H  EN  I  had  lately  the  honour  of  feeing  you, 
our  converfation  naturally  turned  on  a  fubjeft  which 
has  for  fome  time  engrofled  the  attention  of  all  phi- 
lofophers,  and  indeed  could  not  but  materially  inte- 
refl:  the  minds  of  men  of  fcience,  who  were. occupied 
in  the  purfuit  of  ufeful  knowledge.  You  will  be  at 
no  lofs  at  prefent  to  perceive  that  I  allude  to  the  late 
extraordinary  difcoveries  in  Galvanifm,  or  what  is 
frequently  called  Animal  Eledricity,  The  experi- 
ments which  have  been  made  on  this  fubjeft  have 
led  to  conclufions  fo  curious  and  important,  that  I 
feel  no  furprife  at  your  anxiety  to  be  acquainted 
with  the  origin  and  progrefs  of  the  fcience  of  Gal- 
vanifm. To  a  mind  fo  capacious  as  your's,  and  fo 
intimately  acquainted  with  Chemiftry,  and  every 
other  branch  of  ufeful  knowledge,  the  detail  which 
it  will  be  necefiary  for  me  to  undertake  may  appear. 
:cdious  and  fuperflu(jus ;  but  give  me  leave,  Sir, 
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here  to  obCerve  to  you,  that  the  fciences  of  Chemif- 
try  and  Natural  Philofophy  are  but  little  attended  to 
in  this  country;  men  of  taLnts  and  of  education  are 
but  feldom  accuftomed  to  fuch  converfation,  living, 
as  it  were,  out  of  the  philofophical  world,  they  feel 
unacquainted  with  thofe  fa£ls,  which  are  not  only 
valuable  fimply  as  they  are  conneded  with  the 
fciences,  but  as  they  relate  to  the  improvement  of 
mmy  df  the  procefles  and  operations  in  common 
life. 

Should  I,  therefore,  appear  to  you  either  too 
piolix  or  difFufe  in  thefe  obfervations,  I  beg  that 
yea  will  recolleft,  that  my  objeft  is  to  inform  thofe 
who  have  little  leifure  to  read  elaborate  treatifcs, 
and  but  few  opportunities  of  receiving  much  infor- 
mation from  the  works  of  modern  authors. 

The  numerous  and  various  occupations  of  your 
own  life,  prohibit  you  from  paying  that  attention  to 
our  prefent  fubjeft,  which,  otherwife,  your  ardent 
and  philofophic  mind  would  eagerly  embrace. — 
Some  leifure  hours,  with  the  opportunity  afforded 
me  of  an  acquaintance  with  men  of  fciencs  in 
England,  have  induced  me  to  devote  much  of  my 
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attention  to  the  fubjeft  of  the  following  pages.  I 
claim  little  merit  either  in  the  defign  or  compilation; 
but,  fhould  it  fave  you  the  trouble  of  perufing  the 
numerous  and  uninterefting  works  which  are  to  be 
found  on  Galvanifm ;  or  tend  to  encourage  in  j 
others  a  tafle  for  the  fludy  of  Chemiftry,  with 
which  this  fubject  is  fo  intimately  connefted,  and  to 
guide  inquifitive  minds  in  their  refearches  after  cu- 
rious and  inftrudtive  knowledge,  I  fhall  efteem  my 
labour  fufficiently  rewarded:  at  the  fame  time  I 
may  prefurae  that  a  work,  which  has  for  its  obje£t 
to  give  a  concife  and  general  view  of  the  origin  and 
progrefs  of  Galvanifm,  may  not  be  totally  unac- 
ceptable to  the  generality  of  readers. 
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.8 

ON  THE 

ORIGIN  OF  GALVANISM. 

D  iscovERiEs  in  mofl:  of  the  fciences,  however 
improperly  named,  are  generally  diMnguifhed  after 
Hie  -  name  of  the  perfon  who  had  the  firfl:  claim  to 
the  difcovery ;  this,  among  the  reft,  has  obtained  its 
prefent  title  from  the  celebrated  Galvani,  Profeflbr 
i?t  Bologna,  who,  accidentally  amufing  himfelf  with 
fome  eleftricai  experiments,  obferved  fome  of  thofe 
properties  of  metals  which  have  fmce  led  to  fo 
many  important  difcoveries.  He  firfl  perceived, 
while  differing  a  frog,  that  by  touching  a  nerve  of 
the  animal,  when  fparks  were  taken  from  the  con- 
dudor  of  an  electrical  machine,  its  whole  body  was 
agitated  by  violent  commotions ;  this  led  him  to 
make  many  experiments  on  the  fubjeCt,  and  he  foon 
found  that  thefe  convulfions  could  be  produced 
without  the  aid  of  eledlricity,  merely  by  touching 
the  nerves  of  the  snimal  with  two  different  metals, 
wh'ch  at  the  fame  time  touched  each  other;  or 
communicated  by  the  intervention  of  any  fubftance 
capable  of  conducing  eleftricity. 

This  fimple  experiment  may  be  tried  to  convince 
Tiny  perfon  of  the  faft :  lay  bare  the  nerve  of  an 
rinimal,  touch  it  with  a  piece  of  zinc,  and  any  part 
of  the  limb  with  a  filvcr  probe,  then  bring  the 
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other  ends  of  the  two  metals  into  coiita6l,  when  vio- 
lent contraftions  will  be  produced  in  the  niufcle.  It 
has  alfo  been  found,  that  the  limbs  or  mufcles  of 
many  animals  continue  capable  of  excitement  for 
feveral  days  after  death. 

Frogs,  unfortunately  for  them,  from  their  great 
vitality,  have  generally  become  the  viclim  of  thofe 
experiments  j  which  any  perfon  may  eafily  try,  in 
the  following  manner  :  lay  bare  the  fciatic  nerve  of 
a  prepared  frog,  touch  this  with  a  filver  probe,  while 
the  mufcles  of  the  lower  extremities  are  touched 
with  a  piece  of  zinc,  then  bring  the  ends  of  thefe 
metals  into  contaft,  when  violent  convulfions  will 
be  produced  in  the  animal ;  or  lay  the  prepared 
nerve  on  a  fhilling,  while  the  feet  are  placed  on  a 
plate  of  zinc,  complete  the  circuit  by  any  conduc- 
ing fubftance,  and  the  fame  effeft  will  inftantly  be 
produced,  which  ate  repeated  as  often  as  the  con- 
tact is  made. 

Mod  metals  when  applied  in  this  manner  will 
fhew  fome  efiFeG,  but  the  mo  it  powerful  certainly 
are  zinc,  tin,  or  lead,  when  ufed  in  conjunftion  with 
gold,  filver,  or  copper.  The  procefs  is  fimple,  no- 
thing-more being  necelTary  to  excite  thofe  move- 
ments than  the  formation  of  a  circle,  of  which  part 
fliould  be  the  mufcle  acted  on,  and  the  whole  circle 
completed  by  the  metals.  By  varying  the  applica- 
tion of  thefe  metals,  in  this  way  with  clifferent  parts 
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of  the  body,  many  curious  and  entertaining  experi- 
ments may  be  performed. 

For  inftance :  If  a  rod  of  zinc  be  applied  to  the 
upper,  and  another  to  the  under  furface  of  the 
tongue,  and  thefe  two  metals  then  brought  into  con- 
tact, a  very  pecuhar  fcnfalion  >  fuddenly  takes  place, 
refembling  a  veiy  flight  eleftrical  fliock,  and  ac- 
companied with  fuch  a  fubacid  tafte  in  the  mouth 
as  is  difficult  to  defcribe. 

Secondly,  If  a  piece  of  zinc  be  placed  high  up 
between  the  upper  lip  and  gum,  (or,  what  frequent- 
ly fucceeds  better,  truft  far  up  the  noHrils,)  and  a 
filver  rod  be  introduced  under  the  tongue,  as  foon 
as  the  other  ends  of  thofe  rods  are  brought  into 
cQjita£l  a  very  vivid  fenfation  is  perceived,  and  a 
fenfible  flafii  of  light  appears  before  the  eyes. 

Thirdly,  Place  a  plate  of  filver  on' a  table,  and 
over  this  a  plate  of  zinc,  fomewhat  lefs  in  diameter, 
fo  as  to  leave  part  of  the  filver  edge  appear  all 
round,  then  on  this  plate  of  zinc  lay  a  leech,  or  a 
fmall  worm  ;  when  the  infecl  attempts  to  move  off 
the  zinc,  he  receives  fuch  a  fliock  on  touching  the 
filver,  as  to  indtlce  him  to  return^  and  having  tried 
it  in  ihft'erent  points,  with  the  fame  fuccefs,  he  ge- 
nerally gives  up  the  point,  and  quietly  fubmits  to 
his  imprifonment. 


Fourthly, 


Fourthly,  Place  a  filver  cwp  on  a  plate  of  zinci. 
iill  this  cup  with  pure  water,  tafte  the  water  in  this 
ftate,  no  perceptible  efFeft  is  produced,  but  wet  your 
hand  and  touch  the  zinc  plate  with  it,  then  apply 
your  tongue  to  the  water,,  and  a  very  fenfible  change- 
occurs,  a  pungent  fenfation  is  produced  and  the 
water  taftes  fenlibly  acid.  This  funple  experiment 
ferves  to  explain  many  curious  phenomena:  fuch  as 
the  different  tafte  which  is  perceived  in  porter  when 
drank  out  of  a  pewter  veflel.  Indeed  this  refine- 
ment is  carried  fo  far,  that  profeffor  Robinfon  aflerts^. 
that  the  flavour  of  fnuff  is  much  more  pungent 
when  taken  out  of  a  box,  which  has  been  coated 
with  tin  foil.  However  extended  this  opinion  may 
be,  it  is  certain  that  the  tafte  is  confiderabiy  influ-^ 
enced  by  the  combination  of  metals,  and  that  many 
eircumftances  obferved  in  common  life  are  eafily 
accounted  for  on  Galvanic  principles.  So  fenftbly 
is  the  tafte  affected,  either  by  an  alloy,  which  is  a 
combination  of  two  metals,  ov  by  any  metal  when 
in  contact  with  another,,  that  a  nice  obferver  can 
tell  even  where  a  metal  has  been  foldered,  by  exa- 
mining it  with  his  tongue,  the  fenfe  of  tafte  being 
immediately  affefted  when  the  tongue  pafles.  over 
the  foldered  part,  which  is  otherwife  not  to  b^- 
perceived. 

I  fhall  not,  Sir,  wafte  your  valuable  time  by  a-, 
further  detail  of  thofe  trifling  experiments  ;  they 
were  the  natural  refults  of  the  firft  difcovery  made 
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by  Galvani,  and  the  fcience  coniinueJ  for  fever al 
years  but  little  improved,  till  the  very  extraordi- 
nary difcovery  of  the  vaft  accumulation  of  th«. 
Galvanic  influence,  which  was  made  by  Volta 
early  in  the  year  1800.  Its  powers  were  fo  re- 
markable, and  the  effefts  fo  curious,  as  to  roufe 
the  attention  of  all  Philofophers ;  and  from  this 
only  may  be  dated  the  firfl:  improvements,  which 
can  be  confidered  interefling  in  Chemiftry,  or  ufe- 
ful  in  medicine. 
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ON  THE 

PILE  OF  VOLTA. 

For  more  particular  information  relative  to  this 
part  of  the  fubjeft^  I  muft  refer  you.  to  a  very 
elegant  paper  in  Nicolfon's  Journal,  Vol.  i.  p,  179. 
It  will  be  neceflary,  however,  for  me  to  fcate  the 
leading  fads,  and  to  defcribe  minutely  the  appara- 
tus which  Volta  made  ufe  of,  and  alfo  the  improve- 
ments which  have  fmce  been  made  in  it. 

Volta*s  firfl:  attempt  was  to  encreafe  the  Galva- 
nic influence,  by  adding  to  the  number  of  pieces 
of  metal ;  and  having  firfl:  placed  on  a  table  a  flat 
piece  of  filver,  then  a  piece  of  zinc  of  the  fame 
dimenfions,  he  found  that  in  order  to  produce 
any  Galvanic  eifed,  it  was  necefliiry  before  the 
pile  was  further  encreafed,  to  interpofea  fluid,  capa- 
ble of  acHng  in  fome  degree  on  one  of  the  metals  ; 
he  then  added  a  piece  of  paper  or  pafleboard,  well 
foaked  with  a  folution  of  common  fait,  or  muriat 
of  ammonia,  and  by  continuing  to  encreafe  the 
pile,  firfl:  filver,  then  zinc,  next  moiftened  paper, 
then  filver  again  in  the  fame  fucceflion,  he  found 
that  a  pile  confliructcd  in  this  manner  afforded  a 
perpetual  current  of  vyhat  he  -called  the  electric 
fluid,  which  was' capable  of  exciting  violent  mufcu- 
lar  action  5  by  touching  it  with  the  hand,  or  any 
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conduftor,  at  the  upper  and  lower  plate,  and  that 
thefe  (hocks  are  repeated  as  often  as  the  hand  is 
applied.  This  is  what  is  called  a  fimple  Galvanic 
combination,  and  when  two  metals  are  employed, 
the  greatefl:  effecl  is  produced  when  one  is  eafily 
oxydated,  and  the  other  is  not  acted  on.  Thus 
gold  and  zinc  are  the  moft  powerful,  becaufe  gold 
is  a  metal  of  moft  difficult  oxydation,  and  zinc  on 
the  contrary,  is  eafily  afted  on  by  any  acid.  The 
pile  formed  in  this  manner,  may  be  called  a  batte- 
ry, the  (Irength  of  which  is  confiderably  encreafed 
by  the  kind  of  metal  employed,  and  the  Ihock 
which  it  gives  is  in  proportion  to  the  number  of 
plates  employed,  more  than  to  their  fize.  It  re- 
fembles  fo  much  the  effeft  produced  by  the  Leyden 
vial,  that  it  is  not  furprifing  that  philofophers 
fhould  at  once  call  this  electrical ,  and  attribute  it 
entirely  to  the  eledric  fluid  ;  but  thofe  who  have 
been  accuftomed  to  the  frequent  application  of  the 
eleftric  and  Galvanic  fhock,  perceive  a  very  marked 
difference  in  its  effects  on  the  whole  nervous  fyf- 
tern ;  it  is  not  fo  inflantaneous,  and  gives  a  much 
more  continued  and  tremulous  fenfation ;  and  we 
fliall  hereafter  fee  that  many  philofophers  at  pre- 
fent,  are  difpofed  to  attribute  it  to  other  caufes. 

In  the  management  of  the  pile  many  circura- 
ftances  are  to  be  attended  to  j  the  intenfity  of 
Galvanifm  is  fo  low  that  it  cannot  make  its  way 
through  the  dry  fkinj  to  produce,  therefore,  the 
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ftrongeft  elfect,  it  Is  neceffary  that  the  hands  fliouM 
be  completely  wet,  and  a  large  piece  of  metal . 
grafped  in  each  hand,  with  the  points  of  which 
the  pile  may  be  touched  at  each  end.  Oi,  place- a 
plate  of  metal  under  the  firfl:  plate  of  filver,  and 
another  over  the  upper  plate  of  zinc,  let  the  ends 
of  thefe  communicate  with  two  different  cups  of 
water,  into  which  the  hands  may  be  plunged,  and 
by  this  means,  the  circle  being  complete,  the  fhock 
will  be  received.  However,  difcharging  rods, 
fuch  as  I  have  given  in  the  plate,  are  more  con- 
venient,  and  can  be  ufed  to  receive  (hocks  of  any 
intenfity  by  touching  different  points  of  the  pile. — 
But  what  is  Angular ly  curious,  in  the  pile  ccnftrudled 
in  this  manner,  is  the  fpark  which  can  be  procured 
by  touching  the  points  of  two  conduftors  commu- 
nicating with  each  end  of  the  pile ;  this  fpark  ap- 
pears to  me  effentially  different  from  the  eleflric,  it 
is  much  more  bright  and  vivid ;  it  will  fometimes 
appear  three  or  four  times  together,  but  at  other 
times  the  contaft  may  be  frequently  made  without 
any  fign  of  it,  though  attended  with  the  fame  cir- 
cumftances,  which  is  rather  unaccountable  ;  and  I 
have  frequently  obferved  a  bright  flafh  follow  the 
fpark  and  (hoot  alohg  the  condudor ;  it  always  ap- . 
pears  ©n  the  wire  connefted  with  the  filver  fide, 
which  would  gire  out  hydrogen,  and  may  be  exhi- 
bited before  the  eyes  at  any  time  in  a  very  fmguhir 
manner.  Place  a  wire  in  the  mouth,  which  com- 
municaies  with  one  ead  of  the  pile,  and  complete 

the 
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the  circuit  by  touching  with  a  wet  hand  the  "ftire 
which  communicates  with  ihe  other.  The  flafli  in 
this  manner  appears  to  encircle  the  face,  and  a 
(harp  pungent  tafte  is  produced  in  the  mouth. 

m 

The  fpark  can  be  procured  much  eafier  and  more 
luminous  by  conneding  a  fmall  piece  of  charcoal  to 
the  point  of  one  of  the  wires,  and  if  the  machine  is 
of  proper  ftrength  the  charcoal  may  even  be  ignited, 
or  it  may  be  feen  under  water  by  connecting  the 
wires  in  the  fame  manner.  It  will  alfo  be  obtained 
with  greater  facility,  if  one  cf  the  wires  terminate  in 
a  fine  point  while  the  other  is  round.  This  gave 
rife  to  a  number  of  attempts  to  ignite  metals  with 
the  Galvanic  pile,  fome  of  which  are  detailed  in  a 
Report  to  the  National  Inftitute  at  Paris,  by  Four- 
croy,  who  fucceeded  completely  in  igniting  different 
metals ;  and  if  this  is  done  in  oxygen  gas,  a  real 
deflagration  and  decripitation  will  take  place;  but 
for  th5s  purpofe,  he  fays,  that  it  requires  plates  of 
nine  or  ten  inches  fquare,  eight  or  ten  of  which 
will  be  fuflicient,  while  thofe  plates  fcarcely  give 
any  ihock,  and  are  by  no  means  powerful  in  the 
decompofition  of  water. 

Notliing  can  be  mor^  interefting  than  the  pow- 
ers of  Calvanifm  in  igniting  and  deflagrating  metals ;  • 
in  this  as  v.ell  as  in  many  other  points  it  differs  ef- 
fentially  from  c3>iclricity.    I  am  aware  that  a  pow- 
erful charge  of  an  eleOric  battery  will  deflagrate  a 

confider- 


1? 


confiderable  portion  of  any  metallic  fubflance  ;  but 
this  is  done  in  an  iuftant,  the  metal  is  generally 
diflipated,  nor  can  it  be  kept  in  a  ftate  qf  - ignition. 
In  attempts  of  this  kind  oh  a  large  fcale,  with  a 
Galvanic  apparatus,  I  have  feen  thirty  inches  of 
iron  wire,  not  only  fufed,  but  exhibited  before  the 
eyes  for  a  confiderable  time,  in  a  red  heat,  as  fre- 
quent as  the  communication  is  made.  Its  powers 
alfo  in  producing  light,  difter  from  electricity. — 
When  plates  of  large  dimenfions  are  made  ufe  of, 
an  intenfity  of  light  is  produced  little  inferior  to  folar 
light,  and  fuch  as  that  the  eye  can  fcarcely  behold 
it  without  pain,  greatly  fuperior  to  what  has  ever 
been  produced  by  experimentjil  philofophy,  or  che-= 
miflry.  I'his,  unlike  the  electric  fpark,  can  be  exhi- 
bited like  a  fixed  ftar,  by  bringing  the  ends  of  two 
wires  together  which  are  armed  with  good  charcoal, 
but  it  is  always  necelfary  that  the  parts  fhould  be  in 
aftual  contact,  nor  can  the  fmalleft  eifect  be  pro- 
duced in  Galvanifm,  unlefs  this  is  the  cafe.  In  this 
one  circumftance  alone,  perhaps,  does.  Galvanifm 
differ  from  electricity  more  than  any  other;  in  the 
}atte%  ^neither  a  continued  light  nor  a  continued 
heat  can  be  kept  up ;  while  in  the  former  we  have 
both  at  our  command,  and  can  let  them  gradually 
loofe,  or  in  a  continued  ftream,  at  pleafure,  but  at 
all  times  requiring  actual  contact. 


Thus  far  merely  had  Volta  and  other  contiaeiital 
philofophers  gone,  when  MelTrs.  Nicolfon  and  Car- 
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lilic  undertook  to  repeal  thel'e  experiments,  and  to 
iheni  priijcipally  are  we  indebted  for  "the  d^covery 
of  the  powerful  effeOs  of  .Galvanifm,  as  a.chyniical 
agent,  particul3.rly  in  its  acli on  on  metals,  an^  in 
deconipofing  water.  Accident  here,  as  well  as  in 
the  firft  experiments  of  Galvani,  led  to  this  curious 
difcovery. 

While  engaged  in  repeating  the  experiments  of 
Vblta,  Meffrs.  Nicolfon  and  Carlifle  obferved  bub- 
bles of  air  to  arife  from  the  points  of  the  conductors, 
whenever  they,  came  in  contact  with  water;  this 
fuggefted  the  idea  of  examiiiing  the  nature  and  ori- 
gin of  this  aireform  fluid. 

The  refults  of  their  enquiries  are  as  as  follow—- 
that  the  Galvanic  pile  has  the  power. of  ,decompof- 
ing  .water  and  oxydating  metals.  Some  improve- 
ments have  been  fmce  made.,  in  the  apparatus  for 
this  purpofe,  which  I  ftiall  detail,  referring  you  for 
a  more  particular  account  to  Nicholfon's  *  Chemi- 
cal Journal.  . 

.  It  was,  rieceffary,  in  order  to  colledt  the  gas  aril- 
iugfrom  the  pLle,»  to- .contrive  a,m,ethod  of  .receiving 
it  J  the  fn  fl:  attempt  was  by  fuch  a  tube  as  may 
feen  in  the  plate  given  by  him.  Xet  this  tube,, be 
filled  with  water,  and  each  end  clofely  Hopped  with 
%  cork,  in  which  a  gold  wire  is  introduced,. lb  as  to 
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meet  within  half  an  inch  of  each  other,  connecl  then 
each  end  of  the  wire  with  the  pile,  fo  as  to  complete 
the  dircuit,  immediately  gas  will  be 'feeii'.  to  arife 
from  the  points  of  both  wires,  fo  as  t6'c611e£l  in 
confiderable  quantity  in  the  tube  j  which  gas,  when 
examined,  was  found  to  contain  two  parts  hydro- 
gen, and  one  part  oxygen  ;  thefe,  when  fired  toge- 
ther, either  by  a  taper  or  the  elcftric  fpark,  will  ex- 
plode and  form  water. 

They 'may  alfo  be  fired  by  the  Galvanic  fpark,  as 
both  MefTrs  Bolton  and  Crookfhanks  have  ~  afcer- 
tained ;  but,  in  order  to  colledt  thofe  gafes  feparately, 
other  tubes  were  conftru£ted,as  in  plate,  fig.  ift.  by 
which  means  it  was  afcertained,  that  the  gas  arifing 
from  the  filver  fide  was  hydrogen,  while  that  from 
the  zinc  was  oxygen,  and  as  nearly  as  pofTible  in 
the  proportion  ftated  td  be  the  component  parts  of 
wiiter. 

To  procure  thefe  gafes  the  points  of  the  wires 
Ihould  not  be  more  than  half  an  inch  afunder,  if 
they  are  much  farther  no  decompofition  takes  place. 
Thfe  is  invariably  the  cafe,  which  ever  way  you  turn 
the  pilC;  and  has  fuggefted  the  trial  of  dllFerent  me.» 
talKc ■wires,  by  which  means  other  curious  circum- 
flances  have  appeared. 


For  in  fiance,  connecl  a  gold  wire  with  the  zinc 
end  of  the  pile,  and  a  brafs  wire  with  the  filver  end,  the 
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refult  will  be  the  fame  as  if  both  wires  were  gold, 
viz.  oxygen  arifing  from  the  zinc  fide, ;  and  hydro- 
gen from  the  filver  ;  but  reverfe  the  pile  and  a  very 
ftriking  circumftance  appears :  no  gas  arifes  from 
th&brafs  wire  connefted  with  the  zinc  fide,  but  it 
immediately  changes  its  colour,  blue  clouds  encircle 
the  point  of  -iti  and  a  very  rapid  oxydation  of  the 
metal  immediately  takes  place,  while  hydrogen  con- 
tinues* to  aHfe  as  before  from  the  gold  wire  con- 
neded  with  the  filver  fide.  The  caufe  of  this  is 
fufficiently  obvious ;  the  oxygen  fixing  itfelf  in  com- 
bination with  this  brafs  wire ;  but  if  it  had  been 
gold  or  platma,  metals  of  difficult  oxydation,  then 
oxygen,  inftead  of  being  fixed  in  it,  would  have 
been  extricated  as  in  the  firil  experiment.  All  me- 
tals j  therefore,  which  are  acted,  on  by  acids,,  or  eafily 
combine  with  oxygen,  are  unfit  to  be  ufed  for  the 
decompofition  of  water,-  when  connected,  as  in  this 
experiment,  to  the  zinc  fide  of  the  pile. 

Salmon  has  examined  thofe  coriibinations,  and 
made  many  experiments  with  different  wires,  on 
what  he  calls- !the;.Galvanic  Acidi;7oi|r  the  power 
which  the  pile  has  in  oxydating  metals,  and  reduc- 
ing them  to  a  faline  ftate ;  fuch  particularly  as  zinc, 
copper,  filver,  and  iron.  '  I  have  repeated  thefe  ex- 
periments, but"iiot  €xa£tly  with  the  fame  refult,rs- 
Theie  metals  have  invariably  been  oxydated  when 
connefted  with  the  zinc  fide,,  the  oxydes  of  which 
were  of  difi'erent, colours,  according  to  the  metal  em- 
ployed ; 
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ployed  }  -but  1  neyer  have  obtained  t-bofe  briilian^ 
cbryftals  which  he  defcribes. 

Ill  following  up  thofe  experiments,  it  was  natural 
to  try  the  eft'ccl;  of  pafling  the  Galvanic  current  i)y 
means  of  wires,  through  other  fluids  and  diff!er^nt 
metallic  folutions.  When  Ammonia  is  expofediitp 
its  a£l:ion  inftead  of  watex,<-aLYery  rapid  decompo- 
fiton  of  it  takes  place,  its  ftate  of  aggregation  beiiig 
more  weak  than  other  fluids,  Hydrogen  and  Azote 
are  the  refult  of  the  procefs; — and  by  pafling 
repeated  eleftric  fparks  through  thefe  gafes.  Am- 
monia may  even  be  reproduced  .3>  but  if  in  this  cafe 
we  ufe  filver  wires,  no  decompofition  takes  place, 
fulminating  filver  being  formed  on  the  filver  xyire 
connected  with  the  zinc  fide  of  the  pile,  which  will 
detonate  violently/  by  eveu .  the/.fmalleft  friction; 
this  was  accidentally  difcovered  by  Crookfliank,  and 
if  the  experiment  is  attempted  on. a  large  .feale-  the 
effeft  of  the  detonation  may  be  attended  with  un- 
pleafant  confequences. 

Spirit  of  Wine  has  alfo  been  fubmitted  to  the 
adion  -  of  Galvanifm,  ■  the  fpirit  is  irii  this  cafe ;  alfo 
decompofed,  but  not.  without  the  wires  are  armed 
with  good  charcoal,  and  in  contad;  brilliant  fparks 
are  then  produced,  and  carbonic  acid  gas,  and  hydro- 
carbonate  are  the  refult  of. -the  procefs.  When 
wires  armed  with  charcoal  are  introduced  into  wa- 
ter, the  tame  brilliant  fparks  appear,  but  no  heat 
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is  produced  though  the  light  is  very  evident;  which 
fhevvs  that  light  is  ti6t'  'always  'ttte  tidnfequence  of 
heat,  and  that  they  may  exifl  feparately. 

It  has  beeii  afcertained  tha^f  oxygen"  and  hydro- 
gen are  never  obtained  but  when  pure  water  is  ufed. 
When  this  water  is  coloured  by  Tinfture  of  Litmus, 
it  is  changed  to  a  red  colour,  as  far  as  the  point  of 
the  oxydating  wire,  (that  is  always  to  be  underflood 
the  wire  connected  with  the  zinc  fide)  while  the 
other  part  remained  blue.  Hence  it  appears  that 
the  oxygen  had  combined  with  the  Litmus,  fo  as 
to  produce  the  effedt  of  an  acid. 

If  the  tube  filled  with  diftilled  water  and  tinged 
with  tinfture  of  Brazil  wood,  be  fubmitted  to  th  e  Gal- 
vanic influence  in  the  fame  manner,  the  fluid  which 
furrounds  the  wire  connefted  with  the  filver  fide, 
becomes  a  deep  purple.  This  is  as  deepl  a  colour 
as  can  be  procured  by  Ammonia,  and  evidently 
ftiews  that  ,an  alkali  is,  in  fome  manner  produced 
by  the  hydrogen  arifing  at  this  fide. 

"When  the  Galvanic  influence  is  pafied  through 
metallic  folutions  in  acids,  the  confliant  effecl:  ap- 
pears to  be  the  revival  of  the  metal  held  in  folu- 
tion  J  this  revival  is  produced  by  the  hydrogen 
o-as,  which  is  known  to  reduce  the  oxydes  of  me- 
tals.  The  folutions  which  have  been  fubmitted 
to  this  experiment  are,  acetite  of  lead,  fulphate  of 
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iron  and  copper,  and  nitrate  of  filver,  and  on  thofe 
occafions  bright  metallic  precipitations  were  always 
produced  by  the  hydrogen ;  but  particularly  from  the 
nitrate  of  filver,  flioot  fine  needle-wire  like  chryftals, 
beautifully  formed  like  the  Arbor  Dianie.  In  all 
thofe  cafes  no  hydrogen  gas  is  difengaged,  it  fixing 
itfelf  in  combination  with  the  metallic,  precipitate. 

From  thofe  experiments  it  has  been  fuggefted  by 
Mr.  Crookfhank,  that  Galvanifm  may  be  employed 
with  fuccefs  in  the  analyfis  of  minerals.  That 
it  may  be  a  ufeful  chemical  agent  there  can  be.  no 
doubt ;  we  have  feen  that  different  metals  can  be 
diftinguifhed  by  the  a£tion  of  Galvanifm,  when 
connedled  with  the  zinc  pr^  ,  oxygen  fide  of  the 
tpough,  and  it  is  evident  ,  that  the  nature  of  any 
metallic  folution  may  be  afcertained,  by  fubmitting 
it.  to  a  current  of  gas  arifing  from  the  filver  ,  05,  hy- 
drogen fide  of  it.    I  have  myfelf  found, it  a  very 
ufeful  teft  of  the  prefenceofiron  in  a  chalybeate  wa- 
ter, and  I  have  no  doubt  but  further  experience 
will  enable  us  to  convert  this  fcience  to  the  elucida- 
tion of  many  of  the  important  works  of  Nature. 

,,Xhefe  are  a  few  of  the  numerous  inrerefting  ex- 
periments, which  the  pile  of  Volta  has  given  rife  to, 
they  are  not  only  highly  amufing  to  the  curious  ob- 
feryer,  but  they  appear  to  open  a,  new  field  of  invef- 
tigation  to  the  fcientific  Chemift.  It  is,, -perhaps, 
xmnecelfary  to  add  a  variety  of  pther  circumftances 
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conneded  with  this  fubjed  ^  enough  has  been  faid 
to  fliew  to  how  many  ufeful  pur.pofes  this  difcovery 
may  be  applied.  Philofophers  have  occupied  much 
of  their  attention  in  endeavouring  to  illuftrate  the 
caufes  of  thefe  phenomena  ;  httle,  it  is  true,  has  yet 
been  done  to  explain  them  in  a  proper  manner; — 
however,  I  fhall,  in  the  next  chapter,  take  a  flight 
view  of  the  different  theories  which  have  been  fug- 
gefted  on  this  fubjeft. 


THE 
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THEORY  OF  GALVANISM. 


I  SHALL  not  here  enter  deeply  into  the  inveftiga- 
tion  of  the  'different  theories  which  have  been  fug- 
gefted  to  account  for  the  phenomena  of  Galvanifm, 
Thofe  who  were  at  firft  difpofed  to  attribute  all 
thefe  to  an  eleftrical  caufe,  now  fee  fo  many  objec- 
tions to  this  explanation  as  to  hefitate  in  their  for- 
mer opinion.  That  the  pile  (hews  fome  of  the  qua- 
lities of  electricity  is  evident,  from  its  effe£ls  on  the 
electrometer  ;  and  it  has  been  faid  by  Mr.  Crook- 
ftianks,  that  he  could  charge  a  Ley  den  vial  fo  as  to 
give  a  fmall  ftiock,  by  placing  the  pile  between  the 
coatings ;  many  others  have,  however,  attempted 
this  without  fuccefs. 

An  anonymous  correfpondent,  in  Nicolfon's 
Journal,*  fays,  that  after  a  variety  of  trials,  he  has 
fucceeded  in  charging  ajar,  fo  as  to  produce  a  flight 
Ihock,  or  rather  tafte  in  the  mouth,  by  filling  the 
jar,  nearly  with  fait  water,  and  placing  it  in  a  vef- 
fel  containing  the  fame  fluid,  as  nearly  as  pofTible  to 
the  fame  height,  he  then  connected  the  infide  of 
the  vial  with  one  end  of  the  pile,  and  the  outdde 
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with  tlie._other ;  by  thid  uieaiis  imitating,  lii  fomc 
tlegieCj  the  coating  of  the  Leyden  vial. 

^-  Since  tliis,  Iiowev€r,  Van  Marum,*  of  Haerlem, 
has  fucceeded  ia  cl^arging  a  battery  with  the  pile, 
and  ,  has  gone  farther  than  ai^y  other  perfon  to  prove 
the  identity  of  Gaivanifiii  and  the  eledric  fluid. 
But  notwithfunding  this,  from  a  variety  of  other 
orcumftaoces,  fu^^  as  the  difterent  fenfation  pro- 
duced by  the  fliock,,the  neceflity  of  the  hands  be- 
ing wet  to  receive  it,  and  its  producing  no  report ; 
the  appearance  both  of  the  fiafh  and  the  fpark^  an3 
the  trifling  appearance  of  oth^r  eled^-ical  pheno- 
mena, it  is  not  furprifing  that  philpfophers  iliGuld 
doubt  ks  being  enl^rely  an  eleftric  phenomenon  5 
or,  feeing  fonie  figns  cf  eledricity,  fliould  attribute 
it,  in  pari:,  to  ,a  .chemical  agent,  modified  by  fome 
imlvnown  eledric  circumftance. 

^  i-F^t^rpnl  was  the  firft  ^,w:I^p  attempted^to,  prove, 
that  the  phenomena  of .  Galvanifni,  proceeded  from 
a  mere  chemical  operation ;  this  opinion  firft  arofc 
from  a  variety  o£.  o^^feryations,  which  h^i  had, made 
oDj^he  mutual^  adion  w^iich^djffgr^t  exert 

'  .^e  nwftal  ha$.to,  pxydate  Yl^^^  \n>.  <iont?i^  with 
another.    Tiiat  the.fiinple  contad     ,tvyo  'diffei^nt 
Mietiils  w]ien  expofed  to  a  3uid,  produces  a  particu- 
lar 
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iar  tendency  in  one  of  them  to  oxydate,  may  be 
clearly  proved  in  the  following  manner: — Place  a 
plate  of  25inc,  and  a  plate  of  filver  in  a  glafs,  con- 
taining a  dilute  folution  of  fulphuric  acid,  no  change 
at  firft  feems  to  take  place  in  the  metals,  but  bring 
the  two  metals  into  contaft,  and  bubbles  of  air  will 
be  feen  to  arife  rapidly  from  the  zinc,  a  fpeedy  oxy- 
dation  commencing  by  a  decompofition  of  the  wa- 
ter, the  zinc  abftrading  its  oxygen,  with  which-  it 
enters  into'  combination,  while  the  hydrogen  is  let 
free.  This  certainly  may  be  caHed  a  Galvanic  Gpc' 
ration,  and  explains  a  'faft  which  was  not- befofe 
well  underftood.  Ships  which  were  Iheathed  with, 
coppei*,  and  faftened  with  iron  bolts,  were  found  to. ' 
be  injur-ed  iji  the  fheathing,  By  the-  bolts  having 
become  loofe  when  expofed  for  a  fliort  time  to  the 
^It  water,  while  other  bolts  which  were  not  in  con= 
tact  with  copper  "were  but  in  a  flight  degree  injured. 
The  caufe  of  this  is  now  fufficiently  obvious,  here- 
are  two  diflimilar  metals  and  one  fluid,  a  rapid  oxy- 
dation  of  the  iron  therefore,  takes  place  by  rts'contarc 
with  the. copper  while  expofed  to  the  fait  water.  Fa- 
broni  certainly  reafons  very  ingeniou%  on  thefe  fafts.,. 
and  though  he  does  not  mean  to  exclude  all  eleftri- 
eal  influence,  it  is  rvit  farprifing  that  he  fliould  refer 
ifiany  of  the  phenomena  to  a  chemical  procefs  tak- 
ing place  in  the  metals,  he  eonndcrs  it  to  bs  a  flow 
combuftion  and  ojtydatio^i  of-the  metaij  accompa- 
nied hy  an  attraction  of  oxygen,  and  a  difengagC'*- 


ment  of  light  and  caloric ; — to  produce  this^  it  is 
Hieceflary  that  fome  fluid,  fuch  as.  the  Lymph,  Saliva, 
or  any  other  humidity  fliould  be  prefent,  and  to 
tliefe  chnnges  he  thinks  the  different  fenfations  on 
the  anunal  libre  ftiould.be  afcribed  . 

^  jCrev-e,  ^pbierving  thefe  chemical  changes  which 
take  place  in  every  Galvanic  operation,  and  the  ne- 
ceffity  AT  high  there  is,  that  the  mufcles  flrould  be 
furrounrlei  \fith  ^humidity  in  order  to,  produce  the 
fliock,  isliiclined  to  attribute  it  to  the  decompofition 
of  a  fluid  ;  that  the  fliock  is  accompanied  with  the 
dc.compofiiidn  of  a  fluid  is  very  pofllble,  and  fo  ne- 
cefl'ary  is  humidit^y  t®  produce  this  fliock, 'that  it 
i§  known  ao  . fuch  fenfation  can  take  place  even  on 
the  tongue  by  the  aflion  of  the  metals  if  it  has  been 
pr^vioufly  wiped  dry  ;  that  in  all  Galvanic  experi- 
ments a  fluid  is  decompofed,  appears  highly  proba- 
ble, but  that  the  decompofirion  of  this  fluid  ex- 
plains all  the  Galvanic  phenomena  is  by  no 'means 
proved,  though;  many  procefFes  in'  tbe^  animal 
cEGonor^iy  may  be  attempted  to  be  explaihe<fcoh  the 
liime  principle,  and  feem  to  have  fome  conne^ea 
with  ,  the  Galvanic operatiion.  Refpiration  for  In- 
fiance-  may  -thus  be.  called .  ar  Galvanic  procefs,  a 
decompofition. of  the  air- alWayS; taking  place  daring 
the  operatipn.  Thisjit  appears,; i^  the  flimuius  which 
Nature  employs  to  toufeinto  acHdn  animated  matter, 
refpi  ration  being  at  once  fufpended  when  the  kngs 
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are  deprived  of  this  fluid.  Modern  Surgeons  ^irS 
welV  acquainted  with  the  pain  and  inconvenience 
Which  arife  from  too  long  an  expofure  of  a  fore  to 
the  atmoftphere;  but  they  could,  tilMafely,  have  no 
idea  of  accounting  for  it  on  fuch  principles  as  are'here 
attempted  ;  the  theory  of  Creve,  will,  however,  af- 
ford an  explanation  of  it,  by  fliewing  that,  while  a 
decorapofilion  of  a  fluid  is  taking  place,  the  oxygen 
entering  into  a  new  combination,  appears  to  be  that 
fttmuius  which  gives  pain  and  irritation. 

Thefe  attempts' to  explain  Galvanic  phenomena,  are 
combated  by  Volta,  who  feems  difpofed  to  attribute 
the  .whole  of  them  to  the  eleftiic  fluid,  and  if  it  is 
true  that  the  Leyden  vial  can  be  chiarged  with  the 
Galvanic  pile,  it  muft  be  confefled  that  it  goes  nearly 
to  eflablifli  the  identity  of  the  two  fluids  ;  but  this 
has.  not  fucceeded  with  the  mofl:  experienced  philo- 
fophers  in  this  country.  Volta  is  of  opinion  that  the" 
Galvanic  is  nothing  more  than  the  common  electric 
fiuid,  excited  by  the  mutual  contafl:  of  the  itietars^ 
and  that  ihe  humid  fubHances  applied- to  the  plates 
aafwer  no  purpofe,  but  efl:ablifliing -a  reciprdeal  zici^- 
tion,  or  communication  between  them,  fo  as  t!o  itA<^ 
f>el  the  eleftric  fluid  in  one  particular  direftioni  illid- 
tfckfe  reafoii  why  faline  fubfl:ances  fiicceed  better  than 
any  othet,  isi  he  fays,  only  becaufe -they  a€t  as' 
better  conductors,  than  pure  water;  the  chemitzii 
gheflpmena  which  are  obfervedj  he  thinks  are- oflly 
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connected  with  it,  as  being  fecondary  effects  of  the 
eleftricity. 

Mr.  Davy,  to  whom  this  fcience  is  indebted  for 
much  valuable  information,  has  followed  up  the  ex- 
periments of  Fabrpni  and  others ;  and  in  a  very  in- 
genious paper,  in  the  Philofophical  Journal,  *  h^ 
gone  farther  to  explain  the  theory  of  Galvanifbi 
than  any  other  perfon.  He  firft  found  that  the  zinc 
of  the  Galvanic  pile  does  not  oxydate  in  pm-e  \i  ater  : 
by  pure  water  is  meant,  water  holding  Ip.  fo'utioa 
no  oxygen  gas,  no  nitrous, gas,  and  no  acids. 

This  he  proves  clearly  from  a  variety  of  circunx- 
fiances  ;  he  alfo  proves  that  the  power  of  the  pile  is 
greatly  increafed  by  dipping  it  into  nitjtous  or  marine 
acids,  which  enables  the  zinc  to  oxydate  itfelf  more 
rapidly  j  and  that  when  pure  wafer  is  made  ufe  of, 
in  the  conftrud^on  of  the  pile,  it  is  capablp.of  but 
little  Galvanic  effe<3:.  From^  which  it  appears  that 
Volta's  pile  only  acts  wheii  the  fluid  between  the 
plates  is  capable  of  oxydating  the  zinc  ;  and  thaj:  in 
proportion  to  the  quantity  of  oxygen  which  enters 
into  the  zinc,  fo  is  the  power  o/  the  pile;  to  give  the 
flioclc,  or  to.decompofe  water.'  He  therefore,  with 
great  reafon,  icondudes  that  the  chemical  changes 
which  take  place  by  the  oxydation  of  the  zinca. 
are^rfome  how  or  other,  the  caufe  of  the  eleftrical 
elfcd, 
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He  affo  has  fince  added  confiderably  to  our  fl:6l*e 
of  information  on  this  fubjeft,  and  has  found  that 
fingle  rnetallic  plates,  connetted  together  by  diffe- 
rent fluids,  were  capable  of  ftrong  Galvanic  elFefits, 

'  It  will,  perhaps,  be  never  fatisfadiorily  explained 
how  this  Galvanic  influence  is  caufed ;  that  chemif 
cal  changes  take  place  in  the  metals',  there  can  'b^  ■ 
no  doubt,  and  that  their  Galvanic  power  is  much 
greater  while  this  change  is  going  on,  is  alfo  afcer- 
tained  by  a  variety  of  experiments :  but  Mr.  Davy^ 
has  not  only  taught  us  that  flrong  Galyanic  effects 
may  be  produced  with  one  metal,  but  that  the  me- 
tkls  are' not  abfobitely  neceffary  ;  this  has  been 
lately  confirmed  by  fome  extraordinary  experi- 
ments on  the  animal  fibre. 

The  circumftances  attending  this  difcovery  were 
firft  related  in-lSiccIfon's  Journal,  and  are  fo  "extraor- 
dinary that  we  fhould  be  inclined  to  difcredit  thena, 
were  they  not  verified  by  the  names.of  men  of  high 
literary  ehara<3:er.  Mr,  Aldini,  nephew  of  the  ce- 
lebrated Oalvani,  has  ■  fince  publiihed  his  experi- 
ments, which  prbve  that  the  Galvanic  matter 
is  generated  or  <!ollefted  in  the  bodies  of  -^anii^ 
mals,  and  has  fucceeded  in  exciting  mufcular  «oit-' 
tia^ions  in  a  frog  without  the  aid  of  a  metal.  ^The 
manner  in  which,  he  feys,  he  performed  thefe  expe- 
riments, were  firft  by  laying  bare  the  nerves  of  a 
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frog  ;  he  took  hold  of  the  mufcular  patt  with  one 
hand,  while  with  the  other  he  touched  the  n.; 
and  contractions  took  piacc  as  in  the  former  Galva- 
nic expeiiments. 

Secondly,  he  takes  the  head  of  an  ox,  recently 
cut  off,  and  touching  the  fpinal  marrow  with  a  fin- 
ger  wetted  with  fait  wafer,  he  makes  the  crural 
nerves  of  a  frog,  which  he  holds  in  the  other  hand, 
touch  the  tongue  of  the  ox,  and  whenever  this  con- 
tad:  takes  place,  violent  contraflions  are  produced 
in  the  frog.  Thefe  experiments,  if  correO:,  jhew 
that  an  animal  circle,  capable  of  Galvapic  effeft$, 
may  be  formed  as  well  as  a  metallic  one. 

Thefe  experiments  were  made  in  Oftober  1803, 
by  Aldini,  who  confiders  himfelf  the  firft  difcoverer 
of  what  he  called  Animal  Galvanifm,  but  this  was 
long  before  fufpefted  by  Mr.  Davy,  and  in  a  paper 
of  his,  fo  late  as  January,  i8or,  he  fays,  *'  I  have 
lately  made  fome  experiments,  which  convince  nae, 
that  there  exifts  in  living  matter  Galvanic  adVion, 
independent  of  all  influence  generated*  by  metallic 
oxydation.  On  the  whole,  no  Theory  as  yet  at- 
tempted, has  explained  the  different  phenomena 
which  are  produced  by  the  Galvanic  procefs,  and 
whatever  credit  we  fhould  be  inclined  to  give  to  the 
arguments  which  attribute  every  thing  to  the  che- 
mical changes  which  take  place  in  the  metals,  Aill  we 
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muft  hefitJite  in  alTenting  to  it,  after  the  difcoveries 
which  have  been  made,  not  only  of  the  fame  effeds 
being  produced  in  fome  inftances  with  one  metal,  but 
alfo  that  to  produce  fome  of  the  moft  flriking  Galva- 
nic phenomena,  the  metals  are  by  no  means  necelfary. 

To  conclude . — though  the  complete  identity  of 
the  Galvanic  ahd  electric  fluids  remains  to  be 
proved,  yet  there  are  fo  many  circumftances  to  fa- 
vour this  opinion,  that  it  appears  to  reft  at  prefent  ori 
fafer  principles  than  any  other  ;  it  is  only  by  colleft- 
ing  fa£ls,  arranging  and  comparing  them  that  we 
can  expe£t  to  eftablifli  any  rational  theory,  and  it 
is  to  be  lamented,  that  negle£ting  this  in  Galva- 
nifm  as  in  other  fciences,  fome  philofophers  begin 
by  forming  plaufible  theories,  which  are  neither  fup- 
ported  by  fads  or  experience. 

Neither  the  defign,  nor  the  limits  of  thefe  outlinoe, 
Villi  permit  me  to  notice  the  opinions  of  a  great  num- 
ber of  philofophers  v\^ho  have  wrote  on  the  prefent 
fubjeft,  fuch  as  have  appeared  either  plaufible  or 
confiftent,  I  have  given  you  a  fketch  of  j  while  it 
ftill  continues  to  excite  both  intereft  and  attention, 
it  fnould  be  the  province  of  the  Phyfician  not  to  ne- 
glect the  advantages  which  may  be  derived  from  its 
application  to  Medicine  ;  in  this  way,  vphile  his  cu- 
TJofity  h  excited,  and  his  ardent  love  of  fcience  in- 
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dulged,  by  converting  his  knowledge  to  fo  ufeful  a 
purpofe,  as  the  cure  of  difeafes,  he  may  entitle  him- 
felf  jto  the  approbation  of  his  own  mind,  and  to  the 
cfteeni  and  gratitude  of  his  fellow-creatures. 
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APPLICATION  OF  aALVANISM, 


AviNG  traced  the  eonne6fion  between  ele^tn- 
city  and  Galvanifm,  and  examined  with  precifion= 
their  refpedive  powers  on  thf:  animal  fibre,  I 
fhould  indeed  have  thought  my  time  very  much 
mifapplied,  if  I  had  not  beftowed  confiderable  at» 
tention  on  its  effects  in  the  cure  of  a  variety  of  dif- 
eafes  j  curious  as  are  many  of  its  moft  important 
phenomena,  yet  the  fubjedl  would  perhaps  appear 
lefs  interefting,  if  it  were  not  found  capable  of  being 
applied  to  fome  ufeful  purpofe.  As  foon,  therefore, 
as  the  powers  of  the  pile  of  Volta  became  known» 
it  was  natural  to  expect  that  Phyficians  fbould  at- 
tempt to  make  ufe  of  its  influence  as  a  medicaE 
agent,  and  few  I  believe  who  have  paid  any  atten- 
tion to  the  fubjeft,  will  deny,  that  it  promifes  to 
exceed  any  other  ftimulant  in  Nature.  Having  fo^ 
many  properties  different  from  eleelricity,  it  wag  na- 
tural to  expect,  that  its  effect  on  the  nervous  fyftein^ 
would  be  alfo  different,  it  has  accordingly  been: 
much  ufed  of  late  in  Medicine,  and  fome  late  expe- 
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ilraents  of  Aldiiii,  fbew  that  its  ejBre£\:s  arc  not  coii*'- 
fined  to- the  living  animal,  but  that  it  is  alfo  n^ipz^ 
hl^^  Q^expxtnyg  the;  vital  powers  a  confiderable  tirfic 
after  death,  producing  the  moft  horrible  contortions 
and  g!  imaces  of  the  mufcles  of  the  head  and  face  in 
animals,  fome  hours  deprived  of  life.    When  vtc 
coniider,  therefore,  the  influence  which  even  a  finals 
quantity  of  this  fluid  exerts  on  the  mufcles  of  an 
animal,  even  after  death i.  is  it  not  reafonable  to 
cojneliide,  'that  the  Galvanic  current  pafled  through- 
a  difeafed  part,  may  m  many  inftances  be  attended- 
witji  the  beft  efFefl:s<?  It  admits  of  an  eafy  applica- 
tion to  any  part  of  the  body,  and  may  be  applied 
for  any  length  of  time,  with  little  labour  on  the  part 
of  the  operator,  and  lefs  inconvenience  to  the  padv 
ent,  its  ^clion  may  be  eafdy  increafed  or  diminifhed 
accordjiig  to  the  indications  of  cure,  and  it  muft  be 
alfo  obferved,  that  there  is  this  difference  between- 
GalyanifiH  and  ek%icity,  that  the  Leyden^  viajf- 
when  ^ojaG^.  difeharged,  exhibits'  no  more  efF^cij, 
without  renewiag.the  charge,'  whereas," V^aka-'s. pile 
continues  undiminifhed  in  ftrength,  and  conftantly 
charges  ijtfefif*  .  :-  ^  .  ,  ' 

Before  we  take  f|..  view  of  the  different  dlfeafesft*- 
which  G^lvi^iiifnt;  is  applicable,  we  fliould  firft:  icon:< 
fider  w^at  ar^  -its  yjiiforiti'^and  ^ conftam  efteQ»on  the 
aniijial,  fragile,  aad  lefe.  it  be  firft  recolka5d,^lii«'rftc 
fenfato  .^odaced;  b^j.^t^^'pecyUar,-  and.-caaiiofc.be,- 
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imitated  by  eledtricity  ;  on  the  intelle£lual  organs  in 
particular  its  powers  differ  materially,  and  when  ju- 
dicioufly  managed,  the  fenfation  is  defcribed  a$  by 
no  means  diiagreeable. 

It  is  alfo  a  curious  circumftance  that  when  the 
powers  of  the  mind  are  cut  off,  the  effect  of  Galva- 
nifm  on  the  animal  body  is  more  powerful :  Thus,  a 
paralytic  limb  will  be  thrown  into  fpafmodic  a£lion 
by  a  charge,  which  in  a  healthy  perfon  will  produce 
no-  fuoh  effeft.  That  the  will  is  the  caufe  of  this 
may  be  explained  by  another  fa£t.  • :  If  a  very  {"mall 
Galvanic  fhock  is  paffed  through  the  Timb  of  a  per- 
fon  afleep,  violent  fpafmodic  contraftions  will  take 
place  in  the  mufcles,  but  the  fame  charge  being- ap- 
plied to  a  perfon  whofe  inind  is  engaged,  fcarcely 
produces  any  fenfihjie  effe£t.  There  feems  therefore, 
to  be  a  principle  exifting  in  the  living  animal  which 
enables  it  to  refifl  powerful  external  ftimuli,  and 
thiJs  it  is  explained  how  an  inanimate  body  iis  mote 
Tidlenfly  affected  than  an  anfmated  one. 

Having  afcertained  that  the  immediate  effe£b 
©f  Galvanifm  on  the  fyftem,  is  that  of  a  very  pow- 
erful and  peculiar  flimulus,-^it  fequiTes^'oidy 
the  difcermnent  of  a  judicious '  Phyficiarii  'to  deier^ 
mine  wharare  the  <lifcafes  where  it  h>ay  be' applied 
with  fafety  or  fuccefs.'  -  JtJ  will  fee 't!»bVlbu&  that  it  caif  - 
be  only  eraplcyed  with-  propriety  iii  difeafes  arifirig 

either 


cither  from  a  defedlve  energy  of  the  brain,  or  a  de- 
bility in  any  of  the  members  or  funftions  of  the 
body,  arifing  from  a  general  or  partial  ceffation  of 
nervous  power,  or  lofs  of  tone  in  any  particular  part. 
This,  therefore,  being  laid  down  as  a  principle, 
it  will  naturally  occur  that  in  no  difeafe  can  Calva- 
nifm  promife  more  benefit  than  in  paralyfis.  It  has 
indeed  been  propofed  as  a  remedy  in  apoplexy,  but 
this  is  a  diforder  that  requires  much  caution,  in  the 
application  of  fo  powerful  a  ftimulus,  in  certain 
cafes  of  it  unattended  with  an  accumulation  of  blood 
in  the  veffels  ©f  the  brain,  or  a  decided  determina- 
tion to  the  head,  perhaps  it  may  be  attempted  with 
fafety  ;  however,  in  paralyfis,  the  frequent  termina- 
tion of  apoplexy,  no  fuch  danger  is  to  be  apprehend- 
ed, and  where  there  is  total  lofs  of  motion,  and  but 
little  fenfibility  in  the  limb,  t}g£  greateft  advantage 
may  be  expected,  by  a  proper  application  of  this  fli- 
mulus,  which  may  be  increafed  on  fome  occafions 
tetany  pro^o*ti^.  '       '  ^ 

Should  Galvanifm,  applied  in  the  common  way 
to  the  limb,  appear  to  have  but  little  effect,  a  much 
grekter  {tate  dHrrft^tion,  or  ftimulus  may  be  pro- 
duced, by 'firft  allying  fitiall  bJifters  tO' each  esctre- 
mity, 'aiid  tvfhile  the -^Hitide  is  bare  pafling  the  Gal- 
'(^:im*j  current  through  the  limb,  by  touching  the 
tbtid^d-orto  thole  parts  wher€  the-bl^ers  had  been 
applied- 
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When  the  tongue  Is  alfo  affeded  with  palfyi-and 
the  powers  of  articulation  either  impeded  or-  de* 
ftroyed,  nothing  as -yet  attempted,  has  fucceeded  fo 
frequently  as  Galvanifm  ;  by  paffing  repeatedihocks 
between  the  nape  of  the  neck,  and  the  tongue,  I 
have  fucceeded  in  reftoring  the.,organs  of  fpeech  in 
a  few  moments  to  a  perfon  who  could  not  exprefs 
a  word  fo  diftinft  as  to  be  underftood;  In  this  cafe 
the  tongue  was  the  only  part  affefted  in  a  man  ap?( 
parently  otherwife  healthy,  and  it  was  defcnbed  to 
have  occurred  after  an  apopledic  attack  with  which 
he. was  feized  at  night,  but  foon  recovered  from.  /I 
muft  iiowever,  confefs,  that  the  effefl:  of  Gahranifni 
was  little  more  than  temporary,  he  could 'immedi- 
ately after  it  fpeak  perfeftly  •diftinfl:,  but  in  the  courfe 
©f  the  day  relapfed  again  j  on  the  whole,  he  was 
greatly  relieved,,  but  did  not  perfevere  long  enough 
to  give  the  remedy  a  fair  trial. 

In  lUuftration  of  the  power  of  Galvanifm  in  para- 
lyfis,  I  ftiall  mention  the  following  cafe  which  oc-^ 
cur  red  tome.— 

r.tj^  was  lately  requefted  by  a  very  fcientific  medical 
inend,  to  try  the  effecl  of  Galvanifm:  on  a  patient 
of  h'lSi  a  lady  about  fifty  years  of' age,  who  had 
been  for  feme  time  in  ill-health,  the  confequence  of 
Menorrhagia,  and  was  attacked  about  a  year  before 
with  apoplexy,  from  which  Ihe  recovered  ^t  the 
liree,  leaving  her  left  fide  ijx  a  complete  ftate  of  pa- 
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ralyfis,  her  tongue  alfo  afFefted,  and  the  powers  of 
articulation  greatly  impaired.  She  was  treated  for 
thefe  fymptoms  in  the  ufual  manner,  and  had  been 
clcftrified  for  a  confiderable  time  with  little  benefit, 
her  general  health  became  more  impaired,  ftie  had 
one  or  two  attacks  of  apoplexy,  and  became  oede- 
matous  with  other  fymptoms  of  dropfy :  this  com- 
plaint, however,  was  nearly  removed  by  the  ufe  of 
Digitalis,  and,  except  a  confiderable  oedema  in  the 
palfied  leg  and  arm,  no  other  fymptoms  of  dropfy 
appeared  j  on  the  whole,  I  did  not  confider  it  a  very 
favourable  cafe  to  attempt  the  trial  of  Galvanifm : 
however  a  battery  of  fifty  plates  were  prepared,  and 
tRe  firfl:  application  was  made  to  the  hand  and  arm 
of  the  pallied  fide.  The  efFe£t  was  here  very  fur* 
prifing,  even  on  the  firft  day,  the  limb  which 
was  pale  and  enormoufly  fwelled,  began  to  re- 
fume  its  natural  heat  and  colour,  and  its  powers 
on  the^bforbent  fyftem,  were  fo  remarkable,  that 
the  fwelling  of  the  arm  totally  difappeared  in  two 
days ;  the  limb  which  before  was  nearly  ufelefs, 
gradually  began  to  recover  its  power  of  motion, 
and  the  fingers  which  were  faft  clinched  and  con- 
tracted, gave  way  on  every  Galvanic  fliock  j  fmall 
Ihocks  were  then  palTed  through  the  tongue,  which 
produced  confiderable  irritation,  and  a  copious  flow 
of  faliva  from  the  falivary  glands;  her  fpeech  after 
each  attempt  became  evidently  improved,  blifters 
were  then  applied  to  the  hip  and  foot  of  the  afFeAed 
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fide,  and  tlie  Galvanic  current  paffed  through  the; 
limb,  the  cedema  here  alfo  difappeared  and  the  mor,. 
tion  of  the  leg  was  fc  far  improved,  as  to  enable  her, 
to  walk,  (he  continued  rapidly  recovering;  the  ufe  of 
the  hand  and  arm  being  nearly  reitored,  when  on 
the  ninth  day  fhe  was  feized  with  another  apoplec- 
tic fit,  which  carried  her  off  in  a  few  hours :  but 

.what  became  fmguiarly  curious-  in  this  cafe,  was^ 
that  the  fide  originally  affeded  -with  paralyfis,  didT 
not  fufFer,  but  during  the  fliort  time  flue  lived  conti- 
nued vvcll,  while  the  other  fide  became  paralyticj^- 
this  is,  1  f.pprehend,  a  very  unufual  inftance,  and 
though  Gaivanifm  could  not  be  faid  to,  be  com- 
pletely fuccefsful,  yet  its  powers  on  the  fyftem  feem, 
by  it  perfectly  afcertained,  and  make  it  probable 
that  the  e'^rcb  was  fuch  as  nearly  to  eftablifli  a  heal- 
thy ftate  in  the  fide  affeded,  and  render  it  lefs  liable 
to  be  influenced  by  the  original  organic  affedion  of 

.  the  brain  ;  which  neither  in  this,  nor  indeed  in  any 
cafe  can  it  Jbe  expected  to  remove.  It  was  alfo  the  firft: 
inftsnce  where  I  had  an  opportunity  of  obferving 
its  powers  in  ftimulaiing  the  abforbents  to  a£t  j  this, 
as  far  as  I  am  acquainted  with,,  has  not  been  before 
noticed,  and  fo  extraordinary  was  its  effect  in  rapid- 
ly caufing  the  oedema  to  fubfide,  that  I  am  perfuaded 
no  application  whatever,  in  fuch  cafes,  will  be  at- 
tended v.ith  the  fame  advantage  ;  here  it  appears  to 
act  as  a  fafe  and  local  ftinmla'nt,  refloring  the  natu- 
ral heat  and  colour  of  the  limb,  and  by  increafmg 

F  the 


43 


the  languid  circulation  of  the  part  enables  the  diffe- 
rent veflels  to  perform  their  proper  funftions  and 
recover  their  loft  tone. 

If  fuch  are  its  powers,  it  will  naturally  induce  us 
to  try  its  effects  in  fome  difeafes  of  the  Lymphatic 
fyftem,  which  at  prefent,  are  but  imperfeftly  under- 
ftood  ;  Mr.  White  has  defcribed  a  complaint,  to 
which  women  in  tlie  puerperal  ftate  are  chiefly  lia- 
ble : — This  confifts  in  a  fwelling  of  the  lower  extre- 
mities, unattended  with  external  infiartiation,  the 
fldn being  fmooth,lhimng,  and  pale;  much  difference 
of  opinion  exifts,  both  as  to  the  caufe  and  mode  of 
treatment  of  this  difeafe:  it  is  allowed  on  all  hands, 
to  be  an  affection  of  the  Lymphatic  fyftem,  either 
occafioned  by  increafed  exhalation,  or  diminiihed 
abforptlon.  Doflor  Ferrier  attributes  the  difeafe 
to  an  inflamation  of  the  Lymphatics,  while  Mr. 
White  afferts,  that  if  this  ever  takes  place,  it  is  the 
effect,  not  the  caufe  of  the  difeaffe.  Perhaps  in  this, 
as  rn  many  other  inftances,  the  -difference  between 
a6"live  and  paffive  inflamation  is  not  welltiefined ;  as, 
if  any  active' inflatnation  takes  place,  bliffers  and 
other  external  ftimulants  would  never  fucceed,  and 
thofe'jfre  the  remedies  allowed  even  by  Bodor  Fer- 
rier to  be  attended  with  the  moft  advantage.  It 
is  evident,  from  the  appearance  of  the  limb;  that  the 
abforption  is  not  equal  to  the  effufion,  and  from  what 
I  hare  obferved  I  know  of  no  remedy  fo  capable  of 
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joufing  the  veflels  into  afllon^  aiid  promoting  ab- 
forption  as  Galvanifm,  while  at  the  fame  tinie,  its 
influence  is  fo  completely  under  our  command,  that 
no  danger  can  be  apprehended  from  its  judicious 
application. 

In  the  cafe  which  I  have  jufl:  detailed,  the  effect 
of  Galvanifm  was  alfo  remarkable,  for.  the^' influence' 
which  it  had  in  producing,  an  immediate  relaxation 
of  the.  contrafted  fingers,  and  in.  every,  fuch  inftance 
•where  I  have  applied  it,  I  have  uniformly  found  the 
fame  refult.     In  jjgidity  therefore  of  the  joints, 
whether  the  confequence  of  the  gout,^,  or  rheuma- 
tifm,  it  promifes.  much  advantage,  and  the.  fame 
circumftances  that  favor  its  application  ia  thofe  dif- 
ejafes,  will  alfo  encourage  us.to  hope  that  it  may  be 
of  equal  efiicacy  in  tetanus  or  locked  jaw,  a  difeafe 
both  frequent  and  fatal  in  warm  climates none  but 
chofe  who  hav£  feen  the  effeft  of  Galvanifm  in  pro- 
ducing a  relaxation  in,  any.  mufcle  whea  ia  a  ftate  of. 
coniraelion  or  involuntary  adion,  can  have.anidea  o£ 
its  power  on  the  nervous .fyftem;  lo.cked  jaw  is.one  of. 
thofe  complaints,  in  which,  the  patient  is  frequently, 
loft  from  the  inability  to  take  either  food  or  medi- 
cine j.  if,  therefore,  Galyanifm  anfwer^  no  other  pur- 
pofe  than  the  temporary  relief  of  relaxijig  thei 
fpafm  and  opening  the  jaw,  which  I  am  perfuaded 
it  will  generally  do,  it  is  fo  far  of  ufe  as  counteract' 
ijxg  the  moft  diftrefling  fymptom,  and  enabling  the 
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patient  to  take  the  neceflary  nouridiment  as  well  as 
medicine. 

There  are  a  number  of  difeafes  fo  particularly 
adapted  from  their  nature  and  fituation  to  the  influ- 
ence of  Galvanifm,  that  the  experienced  Phyficiaii 
will  be.  at  no  lofs  to  decide  when  it  may  with  pro- 
priety be  employed.  In  amaurofis,  or  lofs  of  fight, 
fuppofed  moft  frequently  to  arife  from  a  paralyfis  of 
the  optic  nerve,  what  remedy  feems  more  fuitable, 
or  can  be  applied  with  more  convenience  ?  In  ca- 
taraft,  which  is  occafioned  by  an  opacity  of  the  cryf- 
taline  humour,  it  can  promife  but  little  fuccefs; 
the-  complaint  arifing  from  a  local  caufe,  and  fel- 
dom  removed  except  by  an  operation  j  however,  ifi 
does  not  appear  improbable  but  Galvanifm  may  af- 
ford the  Surgeon  fome  criterion  for  judging  whe- 
ther the  optic  nerve  is  alfo  difeafed,  or  whether 
impreflions  of  light  can  be  received  on  the  retinaj  if 
this  fhould  appear  to  be  the  cafe,  the  removal  of  the 
lens  will  reftore  the  fight  of  the  eye.  This  in  gene- 
ral may  be  determined  by  the  patient  perceiving  the 
flafh  of  light  from  a  proper  application  of  the  Galva- 
nic flimulus,  which  I  have  never  feen  fail  in  a  per- 
{eO.  healthy  flafe  of  the  eye,  or  when  impreflions  of 
light  are  felt  on  the  retina. 

Galvanifm  has  been  tried  with  great  fticcefs  in 
deafnefs,  but  in  no  difcafe  is  it  more  difficult  to  dif- 
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tinguifli  the  caufe  than  in  this,  and  on  this  circura- 
ftance  alone  aril'e  the  frequent  contradiQory  reports, 
which  we  have  of  it ;  it  is  the  promifcuous  ufe  of 
this,  or  any  other  remedy  without  a  knowledge  of 
the  caufe  of  difeafes,  which  has  brought  many  of  o\jiv . 
mod  valuable  remedies  into  difrepute,  and  which 
marks  the  diftinclion  between  the  Phyfician  and  the 
Empiric.  The  application  of  a  very  valuable  reme- 
dy at  an  improper  time,  or  in  a  difeafe  to  which  it 
is  net  fuited,  may  leave  jmfavourable  imprelHons  to 
which  in  itfelf,  j  it.'ist  by -no  means  entitled 
thus,  the  application  of  Galvanifm  in  apoplexy, 
-arifmg  from  too  great  an  excitement,  whether  gene- 
ral or  local,  will  aggravate  the  morbid  fymptoms, 
and  increafe  the  difeafe.  This  cannot  be  too 
ftrongly  inculcated,  as  well  as  another  obvious  cir- 
cumftance,  which  is,  where  the  difeafe  arifes  from 
mechanical  injury,  no  advantage  can  be  expefted 
till  that  is  firfl:  ren^oved ;  thus,  for  example :-— I 
was  lately  requefted  to  Galvanife  a  very  fine  boy 
who  had  loft  the  ufe' of  the  arnj  and  hand,  it 
was  much  emaciated,  had  loft  all  power  of  motion, 
and  the  circulation  even  in  the  limb,  could  fcarcely 
be  perceived  j  on .  making  proper  enquiry  imo  the 
caufe  of  thefe  fymptoms,  I  found  that  they  all  arofe 
from  a  diflocation  of  the  arm  fome  years  before, 
which  was  never  reduced,  the  confequence  was,  a 
comprcflion  on  the  nerves  and  arteries  leading  to 
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the  limb ;  here  then  was  a  cafe,  where  no  remedy 
without  the  redudion  of  the  limb  could  be  of  any 
fervice,  and  where  Galvanifm  would  be  tried  in  vain, 
by  a  carelefs  obferver.  Let  it  therefore  be  recol- 
lededj  that  before  Galvanifm  is  attempted  in  cafes 
of  deafnefs,  that  one  great  objc;ct  is  to  afcertaia  from 
what  caufe  it  arifes ;  fliould  it  be  occafioned  by  any 
organic  injury  of  the  membrana  tympani,  which  is 
frequently  produced  by  abCceffes  in  the  ear,  or  fliould 
k  arife  from  mal- conformation  in  any  of  the  femicir- 
cular  canals  wliich  may  induce  a  mechanical  obftruc- 
tion,  then  no  advantage  can  be  expeSed  from  thia 
remedy  j — but  if  it  is  afcertained  to  arif§  from  a  de- 
fective energy  of  the  auditory  nerves,  or  a  relaxation 
or  paralyfis  of  the  membrana  tympani,  then  have 
we  every  reafon  to  exped  fuccefs :  in  fome  cafes, 
even  when  there  is  a  want  of  fecretion  of  wax,  hear- 
ing is  impeded,  and  the  ftimulus  of  Galvanifm  may 
tend  to  reftore  this  fecretion  fo  jaeceffary  to.  a  heal- 
thy ftate  of  the  ear. 

There  are  few  dileafes  more  obftinate  in  their  na* 
ture,or  more  painful  to  the  patient,  than  rlieumatifm; 
however,  after  what,  has  already  been  obferved,  it 
will  occur,  that  it  is  only  in  the  chronic  fpecies  that 
any  advantage  can  be  expedled  from  Galvanifm,  and 
without  entering  into  the  different  theories  of  Gal- 
vani  and  others,  afcribing  this  difeafe  to  extravafsted 
humours  ftagnant  round  the  furface  of  the  nerves, 

which 


47 


which  theories  are  neither  fupported  by  fads,  or 
experience,  I  can  have  no  hefitation  in  recommend- 
ing the  ftimulus  of  Galvanifm  in  obftinate  cafes  of 
chronic  rheumatifm,  unattended  with  fymptoms  of 
general  or  topical  inflamatibii.  "'it  is  particularly- 
important,  however,  to  attend  to  this,  I  have  in  bne 
cafe  feen  it  aggravate  confiderably  the  painful  fyrnip- 
toms,  which  I*  look  on  as  a  certain  proof  that  the  dif- 
order  then  partook  in  fome  degree  of  the  acute  fpe- 
cies,  though  the  pulfe,  and  other  circumftances  gave 
no  reafon  to  fufpeCl  it ;  indeed  it  is  frequently  diffi- 
cult to  diftinguifli  between  thefe  two  ftates  of  rheu- 
matifm ;  Galvanifm,  however,  feems  capable  of 
aflFcfrding  a  ^iagnoftic,  and  I  fhould  be  inclined  to 
attribute  the  difeafe  to  the  acute  fpecies,  when  the 
application  of  Galvanifm  fo  far  from  giving  relief, 
increafes  the  painful  and  other  diftreffing  fymptoms 
of  the  complaint. 

The  fame  circumftances  that  would  lead  us  to 
employ  it  in  this  cafe  would  alfo  recommend  it  as  a 
moft  ufefiil  remedy  in  indolent  tumours  or  fcrophu- 
lous  fwellings,  which  have  long  remained  ftationary 
unattended  with  pain  or  inflarrtation ;  here  fuch  a 
ftimulus  is  peculiarly  wanting,  and  if  it  does  not 
caufe  the  refolution  of  the  tumour  it  will  tend'  to 
bring  on  a  fuppuration,  which  in  fuch  cafes  is  fre- 
quently an  objedt  to  be  willied.  In  fcrophulous 
habits,  buboes  arifmg  from  a  venereal  caufe  will  put 
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on  fu_h  an  indolent  appearance,  rss  that  neither  can 
they  Ic  difperfed  by  luppuration,  or  refolution ;  here 
Galvai-iifm  is  particularly  fafe  and  applicable,  and 
Mr.  Wllkinfon  and  others,  ftate,  that  in  fuch  cafes 
they  have  employed  it  with  great  advantage. 

When  electricity  was  fir  ft  employed  in  the  curs 
of  difeafes,  it  did  not  efcape  the  obfervation  of  Phy- 
ficians ;  that  it  may  be  applied  with  fuccefs  in  ob- 
ftinate  cafes  of  Amenorrhoea,  it  has  accordingly  been 
ufed  with  evident  advantage  in  a  variety  of  inftances, 
but  with  the  knowledge  which  we  at  prefent  pofief^ 
of  the  pov/ers  of  Galvanifm,  there  appears  no  dif- 
eafe  where  it  fhould  have  a  more  decided  preferenc 
over  ele£l;ricity  than  in  this.j  from  the  delicacy  and 
timidity  of  the  fex  who  are  the  fubje£bs  of  this  difc:'- 
der.  eledtricity  has  never  had  a  fair  trial  j  nor  does  the 
electric  Ihock  feem  calculated  to  remove  fuch  a  com- 
plaint, while  it  becomes  an  objedl  of  fear  and  alarm, 
paffions  more  calculated  Jo  impede  than  to  iacreafi 
the  flow  of  the  menfes  j  if,  however,  the  powers  of 
Galvanifm  are  applied  with  judgment  and  difcretion, 
and  with  due  regard     the  feelings  of  the  patient, 
its  peculiar,  ftimulus  may  excite  fuch  an  afcipn  ia 
the  vellels  as  may  reftore  the  determination  to  the 
uterhie  fyftem. 

From  the  powerful  action  of  Galvrnifm  on  the 

fyftem,  even  after  life  appears  extinguiflied,  it  hai 
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been  fuggefted  by  Creve  that  it  may  be  the  means 
of  diftinguiftiing  real  from  apparent  death.    This  is 
controverted  by  Humbolt  and  others,  yet  it  will  ap- 
pear evident,  that  in  fome  cafes  confiderable  advan- 
tage may  be  derived  from  it,  though  no  decided  re- 
liance fhould  be  placed  in  it  alone ;  when  we  are 
not  certain  of  the  length  of  time  that  the  principle 
of  life  has  appeared  extinguilhed,  and  when  waiting 
for  the  putrefactive  procefs,  is  attended  with  incon- 
venience, the  fimple  application  of  this  ftirnulus 
to  the  body  will  determine,  whether  all  irritability  in 
the  raufcles  is  deftroyed,  and  of  courfe,  whether 
perfevering  in  any  remedy  for  the  reftoration  of  the 
vital  principle  will  hold  out  any  profpeft  of  fuccefs. 
In  cafes  of  fufpended  animation,  whether  from 
drowning  or  other  caufes,  no  doubt  can  be  enter- 
tained that  it  may  be  at  leaft  a  ufeful  affiftant ;  we 
have  inftances  where  life  has  appeared  to  return, 
but  ftill  the  patient  has  been  loft  for  want  of 
fuch  a  general  ftimulus  as  this,  capable  of  roufing  the 
dormant  fpark  of  life,  and  ftimulating  the  heart  and 
arteries  to  adion. 

I  would  not  have  it  underftood  that  this  alone 
will  be  fufficient;  on  the  contrary,  the  ufual  judici- 
ous remedies  fhould  be  tried,  but  in  addition  to 
thofe  on  all  occafions,  I  would  recommend  the  pow- 
erful ftimulus  of  Galvanifm,  and  it  only  appears 
furprifing,  that  fo  little  notice  has  been  as  yet  taken 
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cjf  lt  in  the  inftruccions  delivered  by  the  different 
Humane  Societies,  or  that  we  fhould  have  fo 
few  well  authenticated  inftances  of  the  effe^ls  of  it 
in  fulpended  animation. 

While  we  are  engaged  in  attempting  the  removal 
<©£  Tome  of  the  molt  dangerous  bodily  difeafes  by 
Galvanifra,  perhaps  it  may  not  be  altogether  fuper- 
fluous  to  attend  toits  zdion.  in  dileafes  of  the  mind; 
Aldini  I  believe  firlt  attempted  in  fuch  cafes  the 
*ife  of  it,  and  fays,  that  he  has  completely  fucceeded 
in. two  cafes  of  mania,  attended  with  melancholia  j 
if  it  fhould  be  found  equally  .ufeful  in  the  hands  of 
others,  how  valuable  a  remedy  have  we  for  a  dit 
•eafc  hitherto  fo  little  miderftood,  for  much  we 
are  in  the  dark  with  regard  to  other  difeafes,  there 
are  none  with  which  ^  are  more  profoundly  fo 
than  infanity^  i:  It  unfortunately  happens  th^t  Phy- 
ficians  i€ngag«d  in  extenfive  pra<5tice,  negle^l  the 
ftudy  , .ol-iCientai  difeafes,  fbrgetting  the  cenne<aion 
between  difeafes  of  the  mind  and  of  .the  body,  they 
leave  -tins  part  of  the   profeffion  t<?  men  little 
-calculated  for  it  by  edueation,-and  lelii,  perhaps  from 
-their  ignorance  of  Medicine;  while.tbis.is  the. cafe, 
and  fuch  patients  are  kft  to  the.  mercy  .and  difcre- 
"  tion  of  keepers,  difeafes  of  the  intelle<aual .  organs 
■IvriU'Continue  to  be  treated  with  JPimpiricifm,;  reme- 
•dtes  by  no  mean&  adapted  will  be  tried,  fiixnulants  will 
be  ufed  where  already  thereis  too  great  an  excitement, 
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and  e\'acuants  perfevereJ  in  where  moderate  ftlmw 
hnts  may  fucceed ;  this  only  can  account  for  the. 
few  who  return  from  infane  afylums,  free  from  one  ♦ 
of  the  mofl  diflTeffing  maladies  which  falls  'to-  the: 
lot  of  human  nature ; — to  treat  this  fubject  a&  it  de- . 
ferves,  I  feei  myfelf  but  little  qualified    but  it  mud 
be  allowed,  that  the  Phyfician  who  does  not  ia  all 
cafes  attend  to  the  influence  of  the  mind  on  difeafeSj. 
2S  well  as  of  difeafes  on  the  mindj.deferveS'  but  little* 
the  confidence  of  his  patient. 

To  lay  down  rules  for  the  applrcation  of  Galva* 
nifm  to  the  intelleclual.  organs,  in  every  inftance^ 
would  exceed  the  limits  of  this  effay  j  the.farae  cauK 
tions  before  delivered  againll  the  ufe  of  ftimulantSjf. 
in  cafes  of. great  excitement,  are  here  more  particu« 
ferly  neceflary  :■ — therefore,  in  a  high  degree  of  ma- 
nia,-or  delirium  j  I  fhould  not  conftder  Galvanifm  a. 
fefe  remedy,  but  where  there  is  an  evident  diminu-^ 
rion  of  the  energies  of  the  mind,'  the  propriety  of  it 
cannot  be  doubted  ;  this  is  a  vdry  frequent  caufe  of 
mental  derangement,  occafioued  by  impreflions  made- 
on  the  fenforium  by  the  depreffing  paffions,  prodoG- 
jng,  ia  fame  cafes,  melancholia,  in  others,  hypocon»^ 
driafis  5 .  each  of  thefe  ft-ates  of  derangement  are  ac* 
companied  with  fuch  a  torpor  in  the  Vafcular  fyftera,^ 
-St  deficiency  of  mufcular  energy,  and  a  languor  o£^' 
the  whole  frame,  as  to  promife  confiderable  fuccefa' 
from  the  pov/erful  and  peculiar  ftimuius.  of  :Galva» 
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niim  J  It  jfhould  Hot  here  be  omitted,  that  in  cafe  of 
Hydrophobia,  Galvanifm  has  been  faid  to  have  fuc- 
ceeded.  This  is  an  inftance  of  mental  derangement 
arlfmg  from  the  abforption  of  a  peculiar  poifon,  at- 
tended with  fymptoms  fo  fatal  and  diftreffing,  that 
Were  the  powers  of  this  remedy  well  afcertained, 
few  improvements,  in  modern  times,  would  rival 
the  advantages  which  the  world  may  exped  from 
the  difcoveries  of  Galvani. 

Having  taken  a  fliort  view  of  the  difeafes  where 
Galvanifm  may  be  applied  with  advantage,  it  may 
not,  perhaps,  appear  here  unneceffary,  to  take  fomc 
notice  of  Perkin's  metallic  tractors. 

It  is  probable  that  when  the  proprietor  ^firft 
tTiought  of  applying  thefe  inftruments  to  the  cur©  of 
difeafes,  he  had  fome  idea  of  the  difcoveries  of  Gal- 
vani, whieh  were  made  at  that  period  ;  under  im- 
preffions  arifmg  from'  this  difcovery ,  and  ignorant 
as  he  muft  have  then  been  of  the  fcience  of  Galva- 
nifm, It  IS  not  fiirprtfihg  that  he  fhould  have  had 
lef?otf^o\is  o'pinibns  on  the  fubjeft,  while  at  the  fame 
Wilt  the  imaginations  of  the  weak  and  the  ignorant 
^ei:6  To  eafily  operated  on*  Many  Perfons  of  en- 
lightened' tonderftandings  wefe'fdr'  a  confiderable 
time  dupes  to  the  fafnioriable  remedy,  called  Ani- 
mal Magnetifm,  now  acknowledged  to  be  a  decep- 
tion.   But  when  we  read  in  Pei  kin's  advertifement, 
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a  lift  of  the  numerous  and  contradictory  d^feafes^for 
which  his  Traders  are  recommended,  and^  aJTo 
that  they  are  "  equally  applicable  to  all  analogous 
difeafes  of  horfes fliould  we  not  hefitate-,be- 
fore  we  alfent  to  fuch  a  combinatioa  p£;,^;^f^^^ 
dity  ? 

Sufficient  is  now  known  of  the  mode  of  exciting 
the  nervous  or  mufcular  energy  ,  by  the  Galyani&pr 
animal  ciiele,  to  induce  the  enlightened  and  judi^. 
cious  Phvfician  to  difcard  thofe  trifling  toys,  the 
offspring  of  ignorance  and  Empiricifm. 

It  is  fcarcely  neceflary  to-  add.  that  the  metals 
feleSed  by  the  proprietor  of  thefe  inftruments  are 
not  thofe '  beft  calculated^;  jto  produce  Galvanic 
effefts ;  and  that  the  mode  recommended  for  their 
iife,-is  inapplieiable  to  any  ufeful  puypgfe,  and  total- 
ly^ inconfiftent  -with  the  knowledge  vyjbich  we  at 
prefent  polfefs  of  the  feience  of  Galvanifoi, 

As  it  alfo  is  evident,  from  the  late  experiments  of 
Doctor  Hagarth*.  that  they  pofFefs  no-fpecific.pp^wer 
derived  from  the  metals,  they  ftioultt^  .cjonfidered 
as- a  popular  delufion,  and.  their..effe%  alcrij^ed  to 
iir^reffions.  of  the  imagination,  which  jt- i?  .••Fell 
ktio»iXi  have;  jiot  only  particular  inflyejnce^  m.the 
lemovai,  but  in  th«  formation  of  difeafes. 
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I  Ihould  not  have  thought  it  neceflfary  to  fay  thus 
much,  but  that  I  have  heard  it  gravely  aflerted  by 
perfons  both  of  talents  and  education,  that  they 
can  now  eafily  explain  the  operation  of  the  metallic 
Tractors. 

Nearly  on  the  fame  principle,  another  remedy, 
called  the  Galvanic  belt,  has  bfeen  recommended, 
and  for  which  no  doubt  the  proprietor  will  obtain  a 
patent.  Of  this,  however,  I  will  not  fpeak  fo 
harfhly,  but  certainly^  neither  its  conftruction  or 
mode  of  application  is  in  any  degree  reconcileable 
to  the  known  laws  of  Galvanifm*  Let  us,  there- 
fore, at  prefent,  be  fatisfied  with  its  medical  effects, 
2S  connafted  witb  the  pile  of  Volta.  It  may  not^ 
Bor  can  any  remedy  always  fucceed  5  but  thus 
inuch  we  know,  that  its  principles  ate  imernng,  and 
ftat  its  efFefts -are  always  obviouii  fuch  'as  a  con- 
ftant  ahd  powerful  excitement  of  the  nervous  in- 
fluence, and  a  local  or  general  ftimulus' to-  the 
fvftem.. 

\  have  thus,  my  dear  SiV,  endcTVoured-to  give 
you  a  few  of  the  outlines  of  the  fcienc'e  of  Galva- 
la^'f  and  its  application  to  the  cure  of  drfeafes 
inany-of  thefe  h-Qcs  which-  I  have  ddfcribfed  mufi: 
have  been  long  fince  famHiar  fo  }w  ;  but  few  others, 
however,  have  either  the  tafte,  or  the  inclination,  to 
inveftigate  fubje^s  fo  uiicoiuieSed,  in  appearance. 
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with  their  ordinary  purfuits.  To  fuch  men  I  "  can- 
act  addrefs  myfelf  more  forcibly,  than  in  the  lan- 
guage of  my  friend,  Mr.  Davy,  in  his  Preliminary 
Lecture  on  the  Study  of  Chemiftry. 

He  calls- their  attention  to  this  fcience,  by  obferv- 
ing,  that— *' To  men  collected  in  great  cities,  who 
are  wearied  by  the  conftant  recurrence  of  fimilar 
artificial  purfuits  and  obje<9:s,  and  who  are  in  need 
■of  fources  of  permanent  attachment,  the  cultivation 
of  Chemiftry  and  the  phyfical  feiences  may  be  emi- 
nently beneficial  ^  for  in  all  their  applications  they 
exhibit  almoft  an  infinite  variety  of  eSe&s  conne^ed 
with  a  -fimplicity  of  defign.  They  demonftrate, 
that  every  Being  is,  intended  for  feme  definite  end 
er  purpofe ;  they  attach  feelings  of  importance  ev«a 
to  inanimate  objeds,  and  they  furnifli  to  the  mind 
ineans  of  obtaining  enjoyment  unconnedled  either 
with  the  labour  or  mifery  of  others." 

To  the  man  ^  bufinefs,  or  mechanical  em- 
ployment, the  purfuit :  of  .  experimental  refearch 
may  afford  a  fimple  pleafure,  unconnected  with 
the  gratification  of  unneceffary  wants,  and  leading 
lo  fuch  an  expanfion  of  the  faciAies  of  the  mind 
as  muft  give  it  dignity  and  power, 

**  To  the  refined  and  fafliionabie  claffes  of  fo- 
%kty  it  iiHiy  become  a  fource  of  confolation  and 
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happinefs  in  thofe  moments  of  folitude,  when  the 
habits  of  the  world  are  confidered  with  indiffer- 
ence. It  may  deflroy  difeafes  of  the  imagination, 
owing  to  too  deep  a  fenfibility,  and  it  may  attach 
the  affedions  to  objefls  ufeful  and  permanent." 

To  thefe  inducements  I  may  add,  that  if  in  the 
purfuit  of  fo  interefting  a  fludy,  the  philofopher 
fhould  fucceed  in  the  difcovery  of  fome  new  remedy 
for  the  cure  of  difeafes,  or  in  the  application  of  the 
fcience  to  any  of  the  ufeful  arts,  he  muft  feel  a 
gratification  arifmg  in  his  own  breaft,  which  thofe 
only  are  acquainted  with,  who  devote  their  leifure 
hours  to  the  attainment  of  ufeful  knowledge,  and 
who  apply  this  knowledge  to  the  improvemeat  of 
the  arts,  and  tQ  the  benefit  of  fogi^ty. 
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DIRECTIONS 

roR  THE  constructio'n  of  the 

L  V  A  N  I  C  APPARATUS, 

,1XD  AFPLTIXG  IT  ro  '  USE. 


In  ortier  perfectly  to  underftand  the-  theory  and 
practice  of  Galvanifm  as  far  as  we  ^re  at  prefenl;  ac- 
■  quainted  with  it :  I  (hail  firft  repeat,  that  all  Galva- 
nic combinations  are  either  made  with  two  diffimilar 
metals,  and  one  'fluid,  or  with  two  difiimilar  fluids, 
and  one  metal,  and  that  in  the  former  cafe  the 
greateft  effect  is  produced,  when  one  of  the  metals 
is  eafily  oxydated  and  the  other  not  adted  on.— • 
When  only  one  metal  is  ufed  fomething  fimilar  oc- 
curs, one  fide  of  the  plate  fhould  be  expofed  to  a 
fluid  capable  of  acting  on  it,  while  the  other  fide  is 
connected  with  a  fluid  of  a  difierent  nature. 

To  explain  thofe  fimple  Galvanic  combinations 
which  have  led  to  fo  many  important  difcoVeries, 
and  gave  rife  to  the  pile  of  \'olta,  1  have  annexed 
■•he  following  figures — 

TT  Galva- 


5S 

GaVvani's  firft  difcovery  will  be  eafily  uiiderftood 
by  a  reference  to  Plate  I.  Fig.  I  A  reprefents  a  pre- 
parisd  frog,  that  is  a  frog  fkinned,  with  part  of  the  ver- 
tebre  and  the  fciatic  nerve  laid  bare,  fufpended  on  a 
rod  of  zinc,  B.  In  order  to  produce  violent  fpafniodic 
a£lion  in  this  frog,  nothing  more  is  neceflary  than 
to  touch  the  zinc  rod  with  a  filver  probe,  and  then 
complete  the  circle  by  touching  the  feet  of  the  ani- 
mal, the  whole  limb  will  then  be  thrown  into  vio- 
lent commotions,  which  will  be  renewed  as  often  as 
the  contadl  is  made.  However,  in  order  to  fliew 
the  fame  experiment  in  a  different  way.  Fig.  II.  re- 
prefents  a  prepared  frog,  with  that  part  of  the  fpine 
to  which  the  fciatic  nerve  is  attached,  placed  on  a 
plate  of  zinc,  Z.  while  its  feet  are  placed  on  a  plate 
of  filver,  S.  The  conmiunication  being  made  by 
the  conduftor  R.  the  frog  is  thrown  into  violent  cqH' 
vulfions,  as  often  as  the  circle  is  formed. 

Thefe  fhew  the  influence  of  two  metals  in  pro- 
ducing Galvanic  effeds,  and  frogs  are  feleded  for 
this  purpofe,  as  their  mufcular  fibres  are  fo  ex- 
tremely fenfible  to  the  eledric,  or  Galvanic  influ- 
ence, that  they  become  the  moft  delicate  eleclro- 
fcopes  hitherto  known.  However,  in  performing 
thefe  experiments,  the  neceflity  of  humidity  muft 
not  be  forgot  j  if  the  piufcles  of  the  frog  ftiould  be- 
come dry  by  the  animal  having  been  too  long  killed, 
no  effed  is  produced,  and  during  each  experiment 

the 
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the  procefs  of  oxydation  appears  on  the  furface  of 
the  zinc  where  it  is  expofed  to  the  moifture  of  the 
frog,  which  farther  (hews  that  in  all  Galvanic  expe- 
linients  a  deconipcfition.  of  a  fluid  takes  place. 

In  order  to  fhew  that  a  Galvanic  combination: 
may  be  formed  with  two  dilTimilar  fluids,  and  one 
metal,  take  a  gtafs  vefTel  B.  Fig.  III.  fill  this  veflel 
with  water,  and  place  in  it  a  fmali  filver  cup 
which  fhould  be  nearly  filled  with  dilute  nitrous 
acid.  Thus  the  two  fluids  are  not  in  contadl,  and 
one  fide  of  the  metal  is  expofed  to  a  fluid  which  is 
capable  of  afting  on  it,  while  its  external  furface  is 
in  contact  with  another  fluid  with  which  it-  has  no- 
affinity  ; — when,  therefore,  a  frog  is  made  to  form 
the  communication  as  at  .C.  the  fame  convulfive 
motions  will  take  place  in  the  mufcles  as  in  the 
former  experiments. 

Having  feen  the  efFed  produced  by  fimple  Galvaa* 
nic  combinations  on  the  nerves  of  aa  animal,  as  firft 
difcovered  by  Galvani,  it  next  becomes  neceflary  to- 
defcribe  the  confl;rudion  of  the  pile  of  Volta,  an 
Inftrument  fimple  in  itfelf,  but  capable  of  producing 
very  powerful  effeds. 

In  the  former  pages  detailing,  the  origin  of  Gal* 
vanifin,  I  have  mentioned  that  the  metals  beft  calcu- 
kted  to  produce  Galvanic  phenomena,  are  gold, 
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filvcr,  and  copper,  when  ufed  iii  coiijundion  uio. 
zinc,  tin,  or  lead,  and  it  is  alfo  dbferved,  that  the 
mod  perfect  Galvanic  combination  is  formed  wher; 
one  of  the  metals  undergoes  the  greateft  change, 
and  the  other  the  leaft.  ^ 

In  the  experiments  which  I  have  detailed,  it  is 
taken  for  granted  that  the  pile  is  made  of  plates  of 
filver  and  zmc,  .thefe  being  the  metals  which  expe- 
yieace  has  taught  us  produce  the  moft  powerful 
clieds ;  filver  is  however  too  valuable  and  fcarce  an 
article  to  become  very  generally  ufed,  and  from  my 
<)wn  experience,  I  perceive  fo  little  difference  be- 
tween this  metal  and  copper  when  ufed  in  conjunc- 
tion with  zinc,  that  I  fee  no  objection  to  the  general 
ufe  of  the  latter,  the  difference  being  only  about 
eighty-five  to  one  hundred.  When  the  pile  as 
conftructed  by  Volta,  and  fliewa  in  Fip;.  IV  is  ufed, 
about  twenty  pieces  of  each  metal  will  be  fufficient 
for  performing  many  interefting  experiments,  be- 
ginning fifft  with  a  plate  of  copper,  and  terminating 
it  with  zinc,  it  may  be  fupported  in  a  frame  fuch  as 
is  ufed  for  the  common  hour-glaffes,  but  the  up- 
rights which  touch  the  metals  fliould  be  o/ glafs,  or 
a  non- conductor,  pieces  of  woollen  cloth  are  much 
better  than  card  or  leather  to  interpofe  between  the 
plates,  they  fliould  not  be  quite  fa  large  as  the  plates, 
and  they  fliould  be  well  foaked  for  fume  time  in  the 
fluid,  and  then  preffed,  left  the  liquor  fliould  run  off 
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and  wet  the  edges,  which  would  materially  injure 
the  operation  of  the  pile.  The  fluids  which  are  moll 
convenient  and  powerful,  are  dilute  folutions  of  ni- 
trous, or  iiurine  acids,  about  thirty  parts  of  water 
to  one  of  the  acid,  folutions  of  common  fait,  or  mu- 
riate of  Ammonia  may  be  alfo  ufed  for  this  purpofe, 
but  they  are  by  no  means  fo  powerful,  and  are  at- 
tended with  inconvenience,  an  efflorefcence  forming 
on  the  plates,  in  confequence  of  the  decompofition 
of  both  falts  allowing  the  Alkali,  particularly  the 
Ammonia  to  attack  the  copper.  When  it  is  intended 
to  take  the  fhocks  with  this  inftrument,  a  flat  piece 
of  copper  fhould  be  placed  under  the  lower  plate, 
one  end  of  which  may  be  bent  and  turned  down  into 
a  cup  of  water,  thus,  by  dipping  one  hand  into  the 
water,  and  touching  the  upper  plate  with  the  other 
hand  wet,  fhocks  of  any  intenfity  may  be  received 
in  proportion  to  the  number  of  plates  engaged  in 
the  circle. 

The  pile  conflruded  in  this  manner,  and  confifting 
of  a  feries  of  fimple  Galvanic  combinations  may  be 
called  a  battery,  it  will  not  continue  capable  of  ac- 
tion for  many  hours,  as  foon  as  the  cloths  begin  to 
dry,  or  the  plates  to  oxydate,  it  lofes  its  power,  and 
this  is  accelerated  by  the  unavoidable  and  unequal 
prefTure  of  the  plates  on  the  wet  cloth,  which  foci^ 
forces  the  liquor  out,  and  by  its  running  down  the 
fides,  and  forming  a  communication  between  cue 
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plate  and  another,  it  not  only  injures  the  ftrength 
of  the  pile  but  is  attended  with  many  inconvenien- 
cies.    To  remedy  this,  it  is  foon  necciTary  to  take 
down  the  pile  to  wet  the  cloth  and  clean  the  plates. 
Volta  himfelf  faw  the  inconvenience  of  this,  and  en- 
deavoured to  counteract  it  by  applying  cement  to 
each  plate,  and  filling  thefe  cells  thus  formed  with  a 
fluid  ;  however,  this  was  a  very  ineffectual  attempt, 
which,  as  far  as  I  have  learned,  has  never  been  im- 
proved on.    It  required  confiderable  ingenuity  to 
prepare  a  battery  which  would  not  be  liable  to  the 
fame  objections  j  however,  on  explaining  the  advan- 
tages attending  fuch  an  apparatus,  formed  without 
the  inconvenience  attending  the  pile  of  Voha. — Mr. 
Michael  Fitzgerald,  of  this  town,  undertook  to  con- 
ftruCt  one,  which  would  remove  the  neceflity  of 
ufmg  wet  cloth  in  the  formation  of  the  pile;  and  I 
iliould  do  him  injuftice  did  I  not  acknowledge,  that 
the  inftrument  which  he  has  invented,  as  defcribed 
in  Plate  I.  Fig.  V.  &  VI.  is  finifhed  with  that  preci- 
fion  and  fkill,  which  could  only  be  performed  by  an 
Artift  who  had  talents  to  conceive,  and  abilities  to 
execute  the  moft  difficult  pieces  of  mechanifm. — 
Modeft  and  unalTuming  merit,  the  too  frequent  at- 
tendant on  real  genius,  has  only  kept  this  felf-taught 
Artift  in  a  fituation  where  his  talents  have  but  few 
^;pportunities  of  being  either  fufficiently  known,  or 
rewarded. 
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Tlie  apparatus  which  I  allude  to,  muft  be  ac- 
knowledged as  the  firft  great  improvement  on  the 
pile  of  Volta,  without  altogether  deviating  from  its 
original  conftruction.  For  medical  purpofes  I  have 
found  it  a  very  convenient  inftrument,  and  have 
fhewn  it  to  many  gentlemen  of  fcience,  who  highly 
approve  of  it convenient  as  it  is  on  a  fmall  fcale 
for  fuch  a  purpofe,  it  ftill  may  be  rendered  more  fo, 
when  plates  of  large  dimenfions  are  ufed, ;  as  they 
may  be  conft:ru£ted  in  the  fame  manner,  of  any  fize, 
and  as  they  can  be  eafily  taken  afunder  and  fepa- 
rated,  they  are  not  attended  with  the  inconVenience 
arifmg  from  large  troughs  as  ufed  at  prefent.  It 
may,  perhaps,  be  alfo  obferved,  that  the  pile  formed 
in  this  manner,  bears  a  clofer  analogy  to  the  eleftric 
organs  of  the  Torpedo  than  a'ny  other,  and  very 
beautifully  illuftrates  the  conftrudion  of  the  cells 
in  this  animal,  which  appear  to  be  fo  intimately  con- 
nected with  its  eleftrical  power.  At  the  fame  time, 
I  am  free  to  confefs,  that  even  this  inftrument,  in 
fome  refpefts,  is  not  perfefl: ;  and  that  it  takes  more 
time  and  trouble  in  preparing  it  than  the  trough  as 
contrived  by  the  ingenious  Mr.  Cruicklhank,  which 
has  become  of  general  ufe,  and  which  I  fliall  now 
defcribe — 

It  had  been  tried  without  fuccefs,  to  excite  a  per- 
manent electric  current  without  fridcion,  or  any 
active  agent.    The  pile  of  Volta,  it  is  true,  had  this 
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effect,  but  it  became  neceflary  to  conftruO:  a  ma- 
chine which  would  anfwer  the  fame  purpofe,  and 
could  be  applied  to  many  of  the  experiments  in 
Galvanifm  with  more  promptnefs  and  fuccefs. — 
This  has,  in  my  opinion,  been  completely  done,  by 
the  invention  of  the  trough  fuch  as  I  have  given  in 
Plate  II.  Fig.  IV.  To  conftruft  this,  it  is  only  ne- 
ceflary to  get  a  piece  of  hard  and  well  fcafoned 
timber,  fuch  as  oak,  or  mahogny,  and  to  have  it 
fcooped  in  the  fhape  of  a  trough,  according  to  the 
number  and  fize  of  your  plates,  which  it  muft  ex- 
actly fit;  but  grooves  in  the  timber,  as  directed  by 
Mr.  Cruickfhank,  are  not  neceffary.  The  in  fide  of 
the  trough  ftiould  be  coated  with  a  layer  of  cement 
about  the  fixth  of  an  inch  thick,  and  perfedlly  uni- 
form and  fmooth.  The  befl:  cement  which  I  have 
found  for  this  purpofe  is  bees-wax  and  rofin,  in  the 
proportion  of  about  four  parts  of  the  latter  to  one 
of  the  former;  when  this  is  well  melted,  a  fmall 
quantity  of  red  lead,  or  a  little  fine  brick  dull  may 
be  added,  it  is  then  fit  to  apply,  and  fhould  be  laid 
on  warm.  The  plates  which  were  at  fir(i:  ufed  were 
iemicircular,  but  thefe  have  no  particular  advantage, 
smd  fquare  ones  are  now  fubftituted,  as  fo  much 
more  furface  is  expofcd  to  aftion ; — it  is  not 
neceffary  that  the  zinc  plate  fliould  be  thicker  than 
a  crown  piece,  and  the  copper  may  b'c  much  thinner, 
they  fhould  be  made  as  fmooth  as  pofllble,  and  fol- 
dered  in  the  common  way  together,  nor  is  it  abfo- 
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lutely  neceflary  that  they  fhould  touch  at  all  points, 
but  they  fliould  be  particularly  well  done  at  the 
edges  to  prevent  the  fluid  from  getting  accefs  ;  hav- 
ing heated  thefe  plates  fuificientiy  to  melt  the  ce- 
ment in  pafling,  flick  them  in  the  trough  about  a 
fourth  of  an  inch  afunder,  being  particularly  careful 
that  each  plate  follows  in  fucceffion  ;  —copper,  zinc, 
and  then  copper,  and  alfo  that  they  are  fo  accurately 
fixed  that  no  fluid  can  pafs  from  one  cell  to  the 
other.  It  is  found  that  metals  flightly  allayed  will 
anfwer  perfectly  v^ell.  The  greateft  difficulty  which 
occurs,  is  forming  the  plates  of  zinc,  they  will  not 
bear  the  hammer  or  the  roller  to  fliape  them,  and 
as  this  metal  is  fo  volatile  that  it  fublimes  in  the 
open  air.  It  is  neceflary  that  it  fbould  be  fufed  in  clofe 
veflfels,  and  fiiaped  in  molds  of  fand,  or  what  is  much 
better,  in  brafs  molds,  as  by  this  means  its  furface 
comes  aut  perfectly  fmooth  and  poliflied.  The 
braziers  underftand  this  fufficiently  well,  but  it  is 
necelTary  to  obferve  that  few  of  them  know  zinc  by 
any  other  name  than  fpelter.  Ignorance  of  this 
circumftance  put  me  to  much  inconvenience  in  my 
tirfl:  enquiries.  Having  confl:rufted  a  trough  in  this 
manner,  nothing  more  is  neceflary  but  to  adapt  it  to 
ufe:  for  this  purpofe,  the  cells  fliould  be  filled  with 
a  fluid  capable  of  eixciting  it  j  weak  folutions  of  mu- 
riate of  Soda,  or  muriate  of  Anmionia  anfwer  this 
purpofe  in  fome  degree,  but  for  the  reafons  before 
Itated;  dilute  nitrous^  or  marine  acids  iire  much  to 
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be  preferred,  as  the  more  aclive  the  fluid,  the  more 
powerful  will  be  the  effedt ;  but  even  this  has  its  li- 
mits, as  fliould  concentrated  acids  be  ufed,  they  not 
only  aft  on  the  zinc,  but  alfo  at  the  fame  time  on 
the  copper,  thereby  lefTening  the  power  of  the  batte- 
ry;— by  the  rapidity  of  its  aftion  alfo  on  the  zinc, 
its  furface  becomes  oxydated,  and  'till  this  is  removed 
the  Galvanic  operation  ceafes.  In  filling  the  trough, 
care  'fnould  be  taken  that  the  cells  do  not  overflow, 
as  it  would  materially  injure  its  adion,  if  the  furface 
of  the  plates  were  wet  fo  as  to  make  a  communica- 
tion between  one  cell  and  the  other  ;  as  thefe  neu- 
tral falts,  or  dilute  acids  are  fufficiently  powerful.  It 
may  not  be  unnecelTary  to  ftate  here,  that  the  ufe 
of  pure  alkalies  in  trying  experiments  with  the 
trough  is  liable  to  great  inconvenience;  they  aft 
powerfully  on  the  cement,  and  in  a  fhort  time  to- 
tally deftroy  the  aftlon  of  the  machine.  The  prin- 
cipal difadvantage  attending  the  conftruftion  of  the 
trough  is,  that  it  is  not  eafy  to  come  ^  tbe  plates  to 
clean  them,  it  however  fo  happens,  that  each  fuccef- 
five  operation  contributes  to  do  fo;  the  firft  effeft  of 
the  acid,  particularly  the  marine,  is  to  aft  on  the 
oxyd  on  the  furface  of  the  zinc  plates,  then  on  the 
metal  itfelf,  by  which  means  the  aftion  of  the  batte- 
ry continues  fo  long  as  the  acid  remains  unfaturated, 
or  'till  a  frefti  accumulation  of  oxyd  "attaches  itfelf 
to  the  furface.    The  trough  mult  be  then  emptied, 
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and  wafiied,  which  is  all  that  is  abfolutely  necelfary 
till  it  is  again  charged  for  ufe.- 

The  firft  experiment  which  is  generally  tried  on 
this  machine,  is  its  powers  to-  give  the  fhock :  to 
perform  this,  nothing  is  neceffary  but  to  wetjhe 
hands  with  water,  and  to  embrace  in  each  hand 
fuch  a  difcharging  rod  as  is  given  in  Plate  s'^-  Fig.  V. 
By  touching  the  firft  cell  of  the  trough  witb  £he 
point  of  one  rod,  and  any  other  cell  with  another, 
a  ftiock  may  be  received  through  the  arms,  the 
ftrength  of  which  is  in  proportion  to  the  number  of 
cells  engaged  In  the  circle,  and  alfo  in  fome  degree 
to  the  extent  of  furface  of  the  body  which  is  wet 
and  expofed  to  the  conductor  :--thus  touching  each 
end  of  the  trough  with  the  points  of  the  fingers 
moiftened,  will  by  no  means  produce  fuch  a  fliock 
as  when  a  large  extent  of  the  furface  of  the  fkin  is 
expofed  to  a  conducting  fubftance. 

Experiment  2"^'  To  give  a  fhock  confined  to 
any  circumfcribed  part  of  the  body,  get  two  pieces 
of  cloth,  about  the  fize  of  a  fliilling,  well  foaked  in 
muriate  of  Ammonia,  and  place  thefe  on  each  point 
of  the  limb,  or  mufclc  through  which  it  is  intended 
that  the  Galvanic  influence  fhould  pafs,  let  each 
cloth  be  then  touched  with  rods  communicating 
with  each  end  of  the  trough,  fo  as  to  complete  the 
circle.    But  it  is  as  necelTary  here,  as  in  eledrical 
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experiments,  that  thefe  rods  Ihould  have  all  commu  -  - 
nicatioii  cut  off  with  the  opei  ator's  perfon  by  means 
of  non-condu6lors  j  they  may,  therefore,  either  pafs 
through  ^lafs,  or  part  of  them  may  be  covered  withi 
cement,  as  in  Plate  a'^  Fig.  VIll.  and  in  order  to 
apply  theia  with  more  conveiiieRce,  they  are  attached 
to  the  trough  either  by  brafs  chains  or  fpiral  wires. 

This  is  the  way  in  which  Galvanifm  is  applied  fo: 
medical  puipofes,  and  ir  may  be  given  to  any 
ftrength,  according  to  the  part  of  the  trough  to 
which  the  wires  are  conneded,  and  renewed  as 
often  as  is  wifhed,  by  mere  cbntadl,  without  any  in- 
convenience, and  continues  of  the  fame  ftrength  as 
'  long  as  the  pile  continues  in  adion.  I  have  fre- 
quently ufed  it  rnyfelf  and  applied  it  in  this  way  to 
others,  and  nothii^g  can  be  more  ftriking  than  the 
difference  between  it  and  electricity. 

If  it  paffes  through  any  part  of  the  cuticle  which 
isxrounded,  the  operation  is  intolerably  painful,  and 
at  all  times  the  efFed  on  the  mufcle  through  which 
it  paffes  is  highly  powerful,  producing  a  vifible 
fpafm  or  contraftion,  and  a  fenfation  refembling  the 
pundure  of  a  number  of  needles.  If  the  fliocks  are 
of  any  confiderable  ftrength,  thofe  parts  of  the  limb 
to  which  the  condu(Slors  are  applied  appear  red,  and 
Ihew  fomc  figns  of  inflammation,  which  fuggefts  the 
neceflity  of  fome  caution  in  the  application  of  Gal- 
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vanifm  to  the  more  delicate  and  fufceptible  organs, 
to  guard  againft  the  inconvenience  which  may  arife 
from  too  great  an  excitement. 

Thus  in  the  application  of  Galvanifmfor  the  cure 
of  amaurofis,  particular  care  (hould  be  taken  that 
the  cornea  of  the  eye  is  guarded  from  the  Inftru- 
ment,  otherwife  a  dangerous  inflammation  may  be 
induced.  In  paffing  the  Galvanic  fliock  through  the 
ears,  care  (hould  be  taken  to  commence  with  a  fmall 
charge,  and  alfo  that  the  conduftor  is  properly  ap- 
plied, in  fuch  cafes  1  have  armed  the  conduftor  with 
an  ivory  ball,  which  only  admits  a  fufficient  part  of 
it  to  enter  the  meatus  auditorius  and  prevents  the 
poffibility  of  its  injuring  the  tympanum.  When 
only  one  ear  is  affected  fuch  a  conduftor  may  be 
introduced  and  faftencd  to  the  head,  while  fhocks 
are  taken  with  the  inftrument,  reprefented  in  Plate 
2d-  Pig.  V.  embraced  in  the  hand  of  the  perfori 
affected,  and  of  fuch  ftrength  as  may  be  found  fafe 
or  proper : — In  this  way  I  am  engaged  at  prefent 
in  applying  it  in  a  cafe  of  deafnefs,  which  if  the  pa- 
tient has  proper  perfeverance  promifes  already  the 
moft  complete  fuccefs. 

Experiment  3"''  To  fee  the  flafh  in  a  very  con- 
fpicuous  manner,  put  one  of  the  wires,  conneded 
with  the  copper  fide  of  the  trough  into  your  mouth, 
or  touch  it  to  yo\jr  forehead,  while  with  a  wet  hand 
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you  touch  the  other  wire  connected  with  the  zinc 
fide ; — as  often  as  this  contaft  is  made  the  flafh  is 
renewed,  accompanied  with  a  very  peculiar  pungent 
tafte  in  the  mouth. 

Experiment  4'"-  To  procure  fparks  and  ignite 
charcoal,  fix  fniall  pieces  of  dry  and  well  burnt  char- 
coal to  the  points  of  each  condudtor,  bring  thefe 
into  contaft,  by  this  means  bright  vivid  fparks  will 
be  obtained,  and  if  the  machine  is  fufficieutly  ftrong, 
the  charcoal  will  not  only  be  ignited,  but  a  conti- 
nued and  brilliant  light  may  be  kept  up  for  a  confi- 
derable  time. 


Metallic  wires  may  be  completely  fufed  in  the 
fame  manner  by  connefting  them  to  the  conduftors, 
and  fuch  an  intenfity  of  heat  may  be  produced,  if 
thofe  experiments  are  performed  in  oxygen  gas,  as 
Cannot  be  imitated  by  any  other  procefsj  however, 
the  common  pile  will  not  be  fufficient  for  this  pur- 
pofe,  the  {hock,  as  before  obferved,  is  in  proportion 
to  the  number  of  plates,  at  leaft  to  a  certain  extent, 
while  to  produce  the  requifite  heat  for  the  fufion  or 
deflagration  of  metals  requires  plates  of  at  leaft  eight 
inches  in  diameter,  fifty  of  thefe  are  fufficient  for 
this  purpofe,  when  at  the  fame  time  they  poffefs 
no  greater  degree  of  power  on  the  animal  fibre  than 
the  fame  number  only  three  inches  in  diameter. 
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No  experiments  in  Galvariifin  are  more  curious 
than  the  effeds  of  it  in  the  decompofition  of  water, 
or  the  oxydation  and  revival  of  metals.  Plate 
Fig.  III.  reprefents  the  apparatus  which  I  have 
found  to  anfvi^er  beft  for  this  purpofe.  The  tubes 
recommended  by  MeffrS.  Nicholfon  and  Cruickfhank 
are  attended  with  many  inconveniencies,  particularly 
that  for  receiving*  the  gafes  feparately,  as  it  is  ,^ 
difficult  matter  to  coUeft  them  afterwards  and  fub- 
mit  them  to  the  different  tefts  requifite  to  afcertain. 
their  qualities ; — that  which  I  have  given  Plate  2d- 
Fig- 11.  appears  to  me  free.from thofe  objedions,  the 
gafes  are  received  with  great  convenience  in  feparate 
glalfes,  and  may  be  examined  with  great  accuracy, 
by  which  it  will  appear,  that  the  gas  arifmg  from 
the  zinc  fide  is  pure  oxygen,  and  that  from  the 
copper  fide  of  the  trough  pure  hydrogen,  in  the 
proportions  neceflary  to  form  waten 

In  order  to  confirm  this,  let  the  experiment  be 
tried^  with  fuch  a  tube  as  is  given  in  Plate  Fig.  I. 
and  when  the  water  in  this  tube  has  fallen  to  the 
point  of  the  upper  wire,  let  an  eiedric  fpark  be 
paffed  between  the  two  wires  A  d  B.  which  will 
fet  fire  to  thefe  two  airs,  and  the  water  will  rife 
again  in  the  tube; — now  as  we  know  by  the  former 
experiments,  that  the  tube  contained  no  airs  but 
hydrogen  and  oxygen,  ^tnd  as  there  was  nothing  to 
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diloid  ihele  airs  but  watery  we  may  fafely  infer  iha! 
the  water  was  decompofed. 

I  find  this  tube  more  convenient  for  this  experi- 
ment than  any  other  j  the  wire  B  not  being  within 
the  Galvanic  circle  is  in  no  degree  conneded  with 
the  decompofition  of  the  water  ; — but  when  this  is 
finiflied  it  anfwers  to  explode  the  gafes  by  the  elec- 
tric fpark,  without  taking  the  tube  from  the  trough, 
or  running  any  rifque  of  the  gas  either  efcaping  or 
being  adulterated  by  the  admixture  of  common 
air. 

It  is  now  known  that  the  gafes  may  be  exploded 
with  equal  facility  by  the  Galvanic  fpark,  and  Mr. 
Davy  has  defcribed  an  apparatus  for  this  purpofe,  in 
the  Journals  of  the  Royal  Inftitution  j — buL  fuch  a 
one  is  by  no  means  neceffary.  The  tube  reprefented 
Plate  2d.  Ylg.  III.  will  anfwer  perfe6lly  well,  but  it  is 
necelTary  that  the  wire  C.  fliould  be  fomewhat  longer 
than  it  is  reprefented,  fo  as  to  reach  about  the  tenth 
of  an  inch  above  the  point  of  the  wire  B.  as  foon  as 
the  production  of  gas  ceafes,  which  it  will  do  ^en 
the  water  falls  below  this  wire,  nothing  more  is  ne* 
ceflary  than  to  make  thefe  two  wires  touch  each  other 
when  the  communicatibn  is  made  with  a  large  battery; 
as  it  will  be  recollefted,  that  Galvanifm  difters  from 
electricity  perhaps  in  nothing  more  than  in  this  cir- 
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cumftance  vvliich  is  the  necefntyof  aduai  conta£t  be» 
tween  tae  conduftors  before  any  fparks  can  be  drav/nr 

In  order  to  make  experiment^  on  the  oxydation 
6f  metals',  the  tube,  Fig.  III.  is  ufed  ;  the  wirej' 
v/hich  Ihculd  be  of  gold,  is  hermeticaliy  fealed  to 
t'he  glafs,  and  the  fowet  wire  can  b'e  changed  at 
pleafufe,  by  taking  oif  the  ring  which  fallens'  it  to 
the  wire  D.  vi'-hich  is  much  thicker,  ancJ  has  a  groove 
to  admit  it.  Thus  experiments  may  be  made  on' 
fitver,  copper,  or  iron  wires,  all  of  which  are  oxy- 
dated  with  diiferent  ajpp'earances,  by  connefting- 
them'  with  the  zinc  fide  of  the  trough. 

When  experiments  ar^  made  oh  the  reifival  6£ 
metals  held  in  foliitioh  by  different  acids,  the  fame 
tube  will  ^hfwer,  but  it  is' better  that  both  wires 
fhould  be  of  gold,  particularly  in  that  beautiful 
experiraeiit  of  formfng  the' Arbor  Dian^'  j  as>  if 
copper  wires  are  ufed,  the  filver  is  pjrec'ipitated  iii.jC 
metallic  flate  by  the  union  of  the  copper  with  the 
nitrous  acid,  to  which  it  has  a  greater  affinity,  Thusi 
the  formation  of  the  metallic  needles  by  the  liydro- 
gen  would  be  fruftrated,  the  fdver  being  precipitated,  " 
by  the  copper  before  the  connexiori  between  the 
Galvanic  trough  could  be  formed. 

I  hav;:  here,  Sit,  endeavoured  to  give  yon  as  clear 
tftd  as  full  a  defcription  of  the  Pile  of  Volta,  the 
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Ynode  of  confl:ru£ling  and  adapting  it  to  ufe,  as  was 
confiflent  with  the  defign  of  this  elTay  ; — while  en- 
gaged in  other  profeflional  duties  and  purfuits,  it 
can  fcarcely  be  expeded  that  thefe  outlines  fliould 
be  free  from  a  variety  of  errors ;  the  whole,  how- 
ever, is  the  refult  of  fome  obfervaticn  and  experi- 
ence. To  diffufe  a  more  general  knowledge  of  a 
fcience  fo  interefting  in  itfelf,  and  fo  capable  of  being 
applied  to  many  ufeful  purpofes,  has  been  my  prin- 
cipal obje£l,  if  It  has  led  me  imperceptibly  into  a 
fuller  inveftigation  of  the  fubjed  than  I  originally 
intended,  your  candour  I  hope  will  make  allowance 
for  the  intention,  and  your  judgment  will  correct 
its  imperfsdions. 

You,  my  Dear  Sir,  have  called  forth  thefe  obfer- 
vations,  fuch  as  they  are,  accept  them  as  a  trilling 
proof  of  the  refpe^t  and  efteeni  with  which  I  fub- 
fcribe  myfelf, 

Tour 


EXPLANATION    OF    PLATE  1 


jfig.  1.  Reprefents  the  lower  eitreraities  of  a  prepared  Frog  A  fixed/ 
on  a  rod  of  zinc  B  when  a  communication  is  made  with  a  filver  probe 
between  the  kg*  of  the  Frog  and  the  rqd  B  the  mufcles  are  thrown 
into  fpafraodic  aiftion. 

Fig.  1.  is  fliewn  a  Frog  prepared  in  the  fame  manner,  with  Its  feet 
placed  on  the  filver  plate  S  while,  the.  fciatic-necve  attached  to  part  of 
the  vertebre  is  placed^n  a  plate  of  zinc  Z  when  a  communication  ta 
made  between  thefe  two  plates-  with  the  eonduaor  R  the  Frog  is  in- 
ftantly  thrown  into  convulfive  adliou. 

Fig  3.  Reprefents  a  Galvanic  combinatioji  produced  by  two  diiH- 
milar  fluids  and  one  metal.  B  is  a  glafs  difli  filled  with  water,  iutck 
which  is  placed  a  fmall  filver  cup  S  filled  with  dilute  nitrous  acid — 'in. 
order  to  produce  the  fame  fpafmodic  adtion  in  the  mufcles  of  the  Frog^. 
as  in  the  above  experiments,  nothing  more  is  neceffary  than  to  completss 
the  circle  with  the  animal  as  is  reprefented  at  C. 

Fig.  4  Reprefents  the  Galvanic  Pile  as  originally  contrived  by  Voltaj 
fupporied  in  a  frame,  and  excited  into  aiiUou  by  difks  of  wet  cloth 
Lnterfperfed  between  the  plates.  r 

Fig.  J.  Reprefents  the  back  view  of,  Fitzgerald's  improvement  on  ti  es 
Pile  of  Volta.  A  is  a  (land  on  whiclt  the  Pile  is  fupported,  B  B  B  ai'<5  - 
three  pillars  made  of  hard  wood,  and  lined  with,  a  coat  of  cement,  they 
ferve  to  fuppurt  the  plates  C  C  in  their  proper  Utua.tion,  and  in  oidec 
to  erecl  t'.;e  plated  on  each  other,  the  two  fide  pillara  turn  down  by  the 
hinge  L.  When  the  Pile  is  couftrui!bed,  thefe  fide  pillars  are  fcrev.'cd- 
tight  by  a  rod  winch  pafTes  tl.rough.  the  centre  pillar,  and.is  fuiricicatly  i 
tightened  by  a  button  D  which  fcrews  on  t!us  fod.  The  communication 
ia  made  between  each  Pile  by  the  brafsrod  E  which  is  fcrewed  juto  hs 
condufliug  ••vire  of  trie  lo.wer  plate  G  and  eftabl  fhcs  tlie  commuaicatiott 
v.\v.,  tl'e  fwrond  pile  by  a  moveable  couduiSLor  S. 

Fig  6.  Reprefents  the  front,  of  the  fame  Apparatus,  the  two.  tier  if 
plates  or  cups  being  conneOie;!  at  tlic  back  as  before  defcribed  \n  Fig.  5 
£  3  is  a  brafs  tod,  inlukted  at  ac'.  end  by  paffing  through. Glafs  Tub  :s 
cemented  to  the  centre  column  A,  .Wlien  tlic  Pibs  are  conftrudtcj', 
and  the  Cae  pillars  curoed  up  a.id  fcrewed  tight,  the  charge  ia  takri> 
«i:I:  great  precifion  by  touchkig  the  rod  B  and  the  brdls  pin  D  whici). 
is  conotued  with  the  lower  plajc  of  .the  p'le.-rt^ — ^The  conduiTo.;.  C' 
Qides  on  the  rod  B.  and  ferves  ^to  regulate  'the  flrcngth  of  tlie ,  flio'ck 
Ly  placing  the  point  of  it  between  any  given  number  uf  platea  t>t; 
sitl.erfule  ftf  the  pile. 


..Fig-  yvlRtptefcnits  tlus  nioy*a^le  couductor  feparate,  A,  thegropT^ 
svbich  admits  it  to  Aide  on  the  brafs  rod  B  i'ig.  6.  and  in  order  lo  change 
it  to  citlier  fide  of  tlie  Pile  fo  as  to  include  any  ^ivcn  number  of  plales, 
it  move*  with  a  liihge  13.  I'iie  points  C  -are  fliaped  fo  as  to  paf» 
ealily  between  each  plate  or  cup',  fo  as  to  take  the  fliock  between 
the  pin  D  Fig  6.  and  any  number  required. 

F'g.  8.  Is  the  brafs  couduAor  which  moves  on  the  rod.F  G  Fig.  j. 
jnd  fei-V£s  to  cftabKih  the  commuaicatioii  at  S.  between  the  two  piles 
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Figuns  9  10  II  Rcprcfenf  the  zlric  and  copper  plates  \vhich  are  ufed 
in  tlie  formation  of  the  ]?ilc,  the  confthiclioa  of  them  i»  exclufivcly  the 
contrivance  of  Fitzgeiald,  and  in  this  invention  the  principal  iherit  of 
ids  inf^rumcnt  ctJnfifts. 

jKg.  9..  repEefctttb  iifcii'cu'ar  plate  of  Copper  A  turne>1  in  a  lathe  an^' 
fcooped,  fo  as  to  reprefeut  in  fome  meafure  the  cover  of  a  pi  1  -box. — 
■To  the  bottom  of  this  cvip  is  foldered  a  plate  of  zinc,  about  the  th'ck- 
iiefs  of  a  penny  pi^ce,  but  not  fo  large  as  the  copper  cup. 

Fig.  10.  Reprefc-nts  the  fsme  fort.of  coppci-  cup  as  at  A'Fi^.  yj^ut" 
without  a  plate  of  2;inc  attaclied  to  ir.  This  is  the  firft  cup  ufed  iii  the 
formation  of  the  Pile,  and  is  farther  rcprefeiited  at  D  Fig.  6.  When, 
therefore. it  is  wiilicd  to  fo.  m  the  Pile,  nothing  more  is  necelfary  than  to 
f.Il  this  cup  uith  a  dilute  acid  nearly  fo  the  top,,  and  then  to  place  on 
it  the  cup  Fig.  9.  with,  the  plate  of  zinc  B.  loldered  to  it :  by  thib  mean^ 
the  zinc  and  copper  are  b-'th  ih  contaift  with  the  fluid,  and  the  two  cop- 
per plates  are  prevented  from  touching  each  other  by  fmall  bits  of 
\vhale-bone  cemented  to  each  plate ;  this  fimple  contrivance  therefore, 
precludes  the  neccflity  of  uilng  difks  of  wet  cloth  between  the  plates, 
and  by  eipofiug  each  metal  to  a  fluid  contained  in  feparate  cells, 
it  has  all  the  advantages  of  CruickQiauk's  trough,  without  deviating 
materidly  from  the  conftrutElion  of  the  Pile,  \vhile  at  the  fame  time  it 
enables  us  to  feparate  and  clean  them  at  pleafure.  Thus,  in  forming 
a  pile  to  any  extent,  noihing  mure  is  ueceffiiry  than  to  couStrutft  any 
number  of  cups  of  :he  form  Fi^.  9.  of  any  dimchfions  and  by  filling  each 
cell  with'  a  fluid,  and  piling  them  as  defcribed  over  each  other,  a  very 
povNcrful  battery  may  be  formed  cij  able  of  continuing  in  adliou  for 
feverTil  hours.  , 

Fij^.  11.  Rcpren^nts'thc  firft  cup  of  the  fecond  Pile,  as  iliewn  at  G. 
Tig.' J.  v,'hcn  hlleJ  with  a  finid,  fucH  anorher  cup  as  is  defcribed  in  Fig.  9. 
A  is  placed  on  it  wltli  its  corrcfponding  plate  of  zinc  B  foldered  to  it; 
ihuB,  by  r.dding  in  fucccfTmn  a  fuflicicut  number  of  thcfc  ci'ps,  the  fis, 
cond  Pile  ii  formed  in  tlxc  fame  munncr  us  the  fiifl. 


J£XPLANAT10N   OF  PLATE  I^^' 


Pig.  1.  Reprefents  a  glafs  tube  for  recemng  oxygen  and  hydrogeg 
gafes;  thU  tube,  when  filled  with  water,  is  placed  on  the  difli  A,  fig.  3. 
When  thefe  gafes  have  dlled  the  tube  as  far  as  the  lower  point  of  th(£ 
wire  A.  Ilg.  1.  the  eleAric  Ipark  palTed  between  the  wire  A.  B.  will  ex- 
plode them  and  form  water. 

.fig.  2.  .Reprefents  tWQ  glafs  tubes  fufpended  over  two  wires  Z  &  C 
10  receive  the  oxygen  and  hydrogen  feparately;  the  wire  2,  is  connedle4 
with  the  zinc  fide  of  the  trough,  and  C.  with  the  copper  fidej  thus  tSe 
tube  O.  receives  oxj-geii,  and  the  tube  H.  hydrogen. 

fig.  3.  Reprefents  a  glafs  tube  with  a  gold  wire  B.  Iierraetically 
fealed  in  it;  this  tube  is  filled  with  water  and  inverted  over  the  wire  C. 
which  is  fcrewed  into  the  difh  A.  This  wire  can  be  changed,  by  Hip- 
ping it  out  of  the  groove  D.  where  it  is  held  by  a  ting.  By  this  means 
experiments  on  different  metalsj  as  well  as  on  diffeipnt  metallic  folutions 
may  be  eafily  tried. 

fig.  4.  .  Reprefents  the  Galvanic  trough  containing  plates  of  copper 
and  zinc;  the  dark  fliades  rcprefeut  the  cells  for  holding  the  .fli^id;  1^ 
and  C  reprefciit  the  zinc  and  copper  plates  fo!dered  together.  G.  G, 
reprefents  grooves  at  each  end  of  the  trough  into  which  the  two  con- 
ductors, Fig.  6.  &  7.  Aide,  fo  as  to  communicate  with  the  cell  at  each 
end. 

fig.  5.    Reprefents  a  brafs  difcharging  rod,  one  of  which  is  to  be  ~ 
held  ici  each  Kaud  to  receive  the  fliock;  A,  reprefents  the  handle,  which 
is  much  thicker  than  the  point  B.  in  order  to  espol'c  a  ^reatct  furfaceto 
ihe  hand. 

fig.  (>,  &  7.  Brafs  conduiStors,  the  ends  B.  B.  (Tide  in  the  grooves 
G.  of  the  Galvarac  trough';  the  point  C.  of  i%.  6.  is  turned  <Jowu  into 
tlic  difli  A  Fig.  3.  While  the  flraight  point  C.  of  Fig.  7.  is  placed  on 
the  "buiton  B.  of  Fig.  3.  tlie  circle  between  the  wires  C.  &  B.  is  then 
completed,  and  gafes  arife  according  to  the  iide  of  the  pile  to  which  the 
conductors  are  attached;  and  in  order  that  the  conductors  fliould  be 
adapted^  to  any  part  of  the  trough,  ilicy  move  on  the  joia'ts  D.  in  a  cir- 
tuJar  dlrcdlion. 

fig.  8.  Reprefents  a  brafs  rod,  partly  covered  with  rohn  or 
I'li'ii,  fo:  mcdicnl  purpofes,  one  <if  thele  fliould  he  cpnneclcd  by  the 
fpiral  \iJre  to  each  cud  of  the  conduiSors,  fig.  6.  &  7.  which  liavc 
Imall  i.uics  perforated  at  the  royi-.d  points  to  admit  them;  thefe  rods 
arc  held  by  the  refmous  part,  v.na  the  points  A.  lliould  be  applied  to 
that  part  of  the  bcdy  thioug'i  v.  hich  it  is  \viC;cd  to  jiafs  the  Galvanic 
vtirrtut. 


